


A 











Transmitter 





5000-Volt Air 


Regulex is an Allis-Chalmers trademark. 


ALLIS-CHALMERS 


ALLIS-CHALMERS 


CONTROL 








Contact Your Nearby 
Allis-Chalmers Representative 


The time to call on your Allis-Chalmers field 
engineer is when your equipment design is in the 
drafting board stage. Your A-C representative is 
an application specialist — ready and able to 
work with your staff to determine your control 
needs. His suggestions and analyses are backed 
by Allis-Chalmers engineering departments . . . 
by the experience gained in solving thousands of 
control eo . . . by complete research and 
testing facilities. 

Pictured here are just a few of the many Allis- 
Chalmers control devices . . . standard, modified 
standard, and especially designed equipment. 
Each is recommended and applied with person- 
al, expert attention to your particular problem 

. to assure top operating efficiency of your 
equipment. Get all the facts on Allis-Chalmers 
control plus application assistance. Write Allis- 
Chalmers, Milwaukee 1, Wisconsin. A-4053 
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Tooting Our Own Horn 


Again this year, we are proud to 
announce that MACHINE DESIGN 
has won several awards in the 
16th annual Industrial Marketing 
editorial achievement competition. 
Three awards of merit were be- 
stowed: one for Roger Bolz’s ar- 
ticle, “Processes and Costs,” in 
our July, 1953, issue (best single 
article); one for “Hydraulic Con- 
trol Systems” by R. Hadekel in 
the April through August issues 
(best series of articles); and one 
for our April special issue on 
Drives and Controls. In winning 
three awards in a field of over 700 
entries, we’ve now been honored 
with 17 certificates and plaques, 
more than any other design pub- 
lication. 


This Month's Cover 


Sometimes our cover artist, 
George Farnsworth, has to be 
more of an engineer than an 
artist. In this month’s cover, for 
instance, he was given the prob- 
lem of epitomizing Paolo Ted- 
eschi’s series of articles, “Plan- 
ning Machines Series,” which 
starts on Page 96. George is a 
perfectionist. Not content with a 
mere artistic representation, he 
set about figuring out the cover 
according to the methods outlined 
in the article. As a result, size of 


the machines pictured and the yel- 
low blocks in which they fit, and 
the taper on the black wedges, are 
all designed according to one of 
second - order 


the progressions 
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given in the article. With this 
blend of engineering and art (or 
maybe in spite of it), the cover 
does a good job of representing 
a series of articles which we hope 
will be of interest to just about 
everyone. 


Answer Me, My Love 


Did you see the design engineer 
who made a brief appearance on 
the Hit Parade the other evening? 
A gal named Gisele MacKenzie 
was singing her heart out for the 
guy—Answer Me, My Love—while 
he was elsewhere, busy at his 
board and working his slide rule 
overtime. Pretty soon the tele- 
pathic waves hit him and he turned 
away from his project long enough 
to call her on the phone. But the 
dope must have gone right back 
to work again, because Gisele was 
seen later in the program whoop- 
ing it up without him. Some en- 
gineers ain’t human! 


Automatic Lei-Making Machine 


You’d be surprised at the num- 
ber of exotic visitors that wander 
into our editorial offices. One of 
the most recent was a chap from 
Honolulu who was touring this 
country with his 9-year-old son in 
search of an automatic machine 
for making leis. Leis—those gar- 
lands of flowers draped around the 
necks of incoming Hawaiian visi- 
tors—are a staple item of com- 
merce in the Hawaiian tourist in- 
dustry. Usually, they are made 
from either real or crepe-paper 
flowers strung’ together. But 
there’s a problem in producing 
enough of them by present hand 
methods. Of course, the whole 
editorial staff oromptly volun- 
teered to go out to Honolulu as 
on-the-spot consultants. 
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BEARING 
PROBLEM? | 





LINK-BELT roller 
bearings chosen for 
huge grinding mill 


NSTALLATION of this Hardinge Tricone 

mill at Tennessee Copper Co. resulted in 
an important conservation of grinding en- 
ergy. And to support the pinion shaft drive, 
Hardinge designers chose Link-Belt roller 
bearing pillow blocks. 

Wherever friction must be minimized and 
power consumption reduced, you'll find Link- 
Belt bearings. Precision-built and positively 
sealed, they deliver long-life, free-rolling 
shaft support on the toughest jobs. That's 
why they're first choice of so many leading 
design and consulting engineers. 

You'll find there's a Link-Belt ball or roller 
bearing for every industrial need. And there's 
a Link-Belt bearing engineer near you to help 
apply them to your particular requirements. 
Call him today, or write for your copies of 
Data Books 2550 and 2565-A. 


LINK-BELT COMPANY: Executive Offices, 307 N. Michigan Ave., 
Chicago 1. To Serve Industry There Are Link-Belt Plants, Sales 
Offices, Stock Carrying Factory Branch Stores and Distributors in 
\ll Principal Cities. Export Office: New York 7; Canada, Scarboro 
(Toronto 13); Australia, Marrickville, N.S.W.; South Africa, 

Springs. Representatives Throughout the World. 13.531-B 


MACHINE DESIGN—July 1954 


First large Tricone mill ever built by Hardinge 
Company grinds 2000 tons of ore per day. 
Pinion shaft is supported by two Link-Belt 
Series 6800 Roller Bearing Pillow Blocks. 









FREE-ROLLING SELF-ALIGNING — Ad- 
justs immediately in all directions to 

shaft deflections and inaccuracies of Ry 4 
mounting. Heavy, sudden shock loads - 
are no problem. 


LUBRICATE WITH OIL OR GREASE 
— Seals provide effective re- 
tention of either lubricant. 
Housing sealing fully protects 
all moving surfaces, which 
are centrally lubricated from 
a large, common reservoir. 


SIMPLIFIED INSTALLA- 
TION — Split housing “5 


cap can be removed 

with standard tools. * 
Inspection is also . 
readily accomplished. 


EASY LATERAL ADJUST- 


MENT is provided by 
slotted bolt holes. unmounted bearings. 


LIN BELT 


BALL AND ROLLER BEARINGS 
' keep company with 
industry’s hardest-working machines 


Series 6800 
roller bearing 
pillow block is 
part of Link-Belt's 
line of pillow blocks, 
flanged, flanged cart- 
ridge, cartridge, take-up 

and hanger blocks and 
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Bubble-Blowing May Bring Better Metals 


A special bubble-blowing liquid which may be purchased at most ten-cent 
store toy counters has been improved by GE scientists and used to pro- 
duce bubbles for metals research. According to Dr. Robert L. Fullman 
of the GE research labs, the soap bubbles resemble metal crystals or 
grains in many respects. In particular, the manner in which little bubbles 
grow into big ones is closely analagous to the growth of metallic grains. 
Study of the bubbles and the knowledge thereby gained of fundamental 
behavior of metals is expected to lead to improved metals. 


Brighter-than-Sun Flash Unit 


A flash tube capable of producing almost a million candlepower per square 
inch is to be installed at the Bethesda, Md., Naval Hosiptal. Bright sun- 
light is roughly 800,000 candlepower per square inch. Less than 6 inches 
in diameter, the lamp, developed by British Thomson-Houston Co. Ltd., 
retains peak intensity for 1/25-second, long enough to take a color photo- 
graph of the retina of the eye to be used in ophthalmic research. Such 
brilliant, short-duration flashes of light have also been used to photo- 
graph changes in living cells. 


Turbocruiser—World's First Gas Turbine Bus 


A new mobile laboratory for evaluating gas turbines as power plants for 
automotive vehicles has been built from a General Motors Corp. transit 
coach. Known as the Turbocruiser, the bus is said to be the world’s first. 
Obvious differences between the Turbocruiser and the conventional bus 
are the large exhaust opening at the top rear of the bus and a lack of 
rear windows. Noise level is said to compare with that of a conventional 
diesel power plant. 


New Stainless Steels for High-Temperature Use 


A program aimed at finding replacements for scarce materials now used 
in jet aircraft has resulted in the development of stainless steels with im- 
proved high temperature strengths. Developed for the Navy Bureau 
of Aeronautics by Cornell Aeronautical Laboratory Inc., the new alloys 
are basically chromium-nickel stainless steels modified with small addi- 
tions of titanium and boron. Heat treatment and carbon content are also 
varied to contribute to superior high-temperature properties. 


Low-Frequency Mountings Cut Submarine Noise 


Expected to provide greater structure-borne noise attenuation than previ- 
ously available on submarines, low-frequency resilient mountings with 
unique loading conditions have been developed by the Bureau of Ships. 
Developed in two sizes, the mountings cover ranges which formerly re- 
quired eight different-size mountings. 


Automation May Be Salvation of Nickel Candy Bar 


At a recent meeting, the Pennsylvania Manufacturing Confectioners As- 
sociation was told of the installation of five automatic candy-bar form- 
ing lines in a Midwest plant. The new lines reduce processing time from 
16 hours to less than 35 minutes in addition to marked improvement in 
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Put these ball valve benefits in your 
product — 


J Leakproof seal 

JY Quick opening and closing 

VA Round flow 

JY Extra-long, trouble-free service 


Want smooth, speedy flow of cool- 
ants for machine tool use? Want 
leakproof flow of water in washing- 
machines? Want a basic design im- 
provement in your product that will 
help increase its sales? 
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New Lower Cost 





Steel Ball Valve 


Then insist on Rockwood ball 
valves. Their special ball construction 
prevents leaks, makes possible quarter- 
turn openings and closings even under 
full pressure, permits round flow of 
fluids and gases, assures extra-long 
service. You cut costs through 
speedier, more efficient operation. 


Famous Rockwood ball valves now 
come in a choice of models. Get the 
facts on the new, lower cost steel 
ball valve. Ask for full details on the 
original bronze or steel ball valves 


ROCKWOOD BALL VALVES 





Joins Rockwood Ball Valve Family 


with their full round flow and chrome- 
plated bronze balls. See coupon for 
sizes — mail today for complete in- 
formation on any or all of these 
long-life valves. 


ROCKWOOD SPRINKLER COMPANY 
467 Harlow Street 
Worcester 5, Mass. 


Please send me illustrated folder on 


{[] New Rockwood Steel Ball Valve 
in 3¢” to 2” pipe sizes. 


(] Original Rockwood Bronze Ball 
Valve in 3%” to 2” pipe sizes. 


(€) Original Rockwood Steel Ball 
Valve in 3” and 4” pipe sizes. 
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quality and uniformity. Mr. William J. Scarlett, food industry manager 
for Minneapolis-Honeywell’s Industrial Div., who told the assembled con- 
fectioners of the production lines, suggested that such automation of candy 
production might prevent the five-cent candy bar from following the five- 
cent cigar into oblivion. 


Allergic Phototube Inspects Soft Drinks 


Electronically allergic to spots before its eyes, a new phototube developed 
by the RCA Tube Div., is designed for production-line inspection of soft 
drinks, medical solutions or other translucent liquids. The tube reacts 
to minute, transparent impurities which may be bottled inadvertently, but 
only when the particles are in motion. Bottles being inspected are, there- 
fore, swiftly rotated and then suddenly stopped just before reaching 
the phototube eye to cause the contents to swirl rapidly. 


Air Filter Attracts Dirt Electrostatically 


A new “electronic” air-conditioner filter, consisting of two layers of coarse- 
ly woven polyethylene plastic fabric in a metal frame, is said to filter 
150 per cent more dirt, dust and pollen than glass fiber filters in air 
conditioner installations. Friction of air drawn through the new Hotpoint 
Electronic Filter sets up an electrostatic charge that attracts and traps mi- 
croscopic particles that sift through conventional filters. 


Dragon Fur Good Fur Many Things 


A new synthetic fiber made from Teflon is so resistant to heat and chemi- 
cals that it has been labelled dragon fur. Produced only in experimental 
quantities at present by the Du Pont Co., the fiber is being evaluated as 
an industrial fabric rather than for apparel textile uses. High mechanical 
strength of the material is retained over a range of temperatures from 
—90 to 400 F. Resistance to chemical attack is demonstrated by its re- 
sistance to acids including aqua regia. Projected uses include liquid and 
gas filtration fabrics, packings, gaskets, diaphragms, and electrical in- 
sulation. 


Chicken Feathers Make Good Hog Bristles 


Paint brushes customarily made from Chinese hog bristles may soon be 
available with bristles made from chicken feathers. A shortage of hog 
bristles because of Communist domination of the source resulted in the 
development, by Arthur D. Little Inc., of a new resilient synthetic fiber 
made from chicken feathers for their client, the Rubberset Corp. Chemi- 
cally similar to hog bristle, the new fiber is based on the protein Keratin 
which is extracted from the chicken feathers and then converted into 
bristles by a process similar to those used in production of other man- 
made fibers. 





Glo-Quartz Heater Is Real Hot Rod 


Described as a wand of fused quartz, a new immersion heater, less than 
14-inch in diameter, contains a 400-watt heating coil and glows red-hot for 
seven of its 12 inches. The remaining five inches remain cool enough to 
be held in the bare hand. Because of the resistance to thermal shock of 
quartz, the Glo-Quartz heater, developed by Fisher Scientific Co., may be 
immersed in a cold liquid while it is glowing hot without cracking, break- 
ing or short circuiting. The heater is also unaffected by acid solutions. 
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Cut Cost—Not Quality! 


ASS production techniques coupled with careful design and re- 
design for manufacture have wrought miracles in bringing down 
costs of modern labor-saving machines for the home. For this 
achievement the design engineers can rightly take much of the credit. 
But the highly competitive nature of the home appliance business seems 
to have prompted some manufacturers to carry cost reduction beyond all 
reason, to the point of cheapening the product. 

A certain appliance which for four years had performed yeoman serv- 
ice in the Editor’s home recently proved this point by failing in a rather 
spectacular manner. A high-speed rotating element within the machine 
suddenly burst, hurling heavy chunks of metal through the sheet-metal 
housing, fortunately missing three scared people. Two of the pieces, av- 
eraging 3 pounds each, were thrown clear with such velocity that the 
reaction force capsized the 275-pound machine itself. 

The mechanics of high speed rotation are well understood, as are such 
factors as stress concentration, fatigue failure and aging of material. In 
these times ignorance is no longer a valid excuse for a failure such as 
described, and it would appear that the material must have been chosen 
and applied with more of an eye toward saving cost than providing ample 
safety margin. 

In many places it is possible to “get by” with less than the best, 
where judicious use of low-cost material is plain common sense. But for 
critically loaded parts the design engineer has a responsibility and an ob- 
ligation to prove to his management the necessity for specifying adequate 
strength and reliability, with cost not necessarily the primary considera- 
tion. 

It has been said that an engineer is one who can do for a dollar what 
any fool could do for two. Let’s reduce costs by all means, but with 
discrimination and through sound engineering, not by the lazy man’s way 
of cutting quality. 





Arles, Aadorileat 


EDITOR 
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By Paolo Tedeschi 
Consulting Engineer 


Buenos Aires, Argentina 



























A rational yet comprehensive planning of 
machine series has long been a desired goal in 
design. In the past, pursuit of this objective 
has been characterized by methods as diverse 
as the products themselves. Haphazard fill- 
ing-in and extension of product lines has large- ; 
ly been replaced by intelligent planning. But, 
; attempts to formulate a thoroughly systematic 
approach have usually foundered on the com- ; 
plex and seemingly irrational problems en- 
countered in co-ordinating engineering, pro- 
duction and commercial requirements. Instead, 
experience and judgment combined with a few 
helpful but incomplete techniques have pro- 


s 
MACHINE = 
SERIES 


duced entirely adequate results. The ends 
have often justified the means, whether com- 
plete and rational or not. 

In this series of articles, an original approach 
offering a general solution is presented. The 
aim of these articles is to provide designers 
with the basic principles and tools necessary 
for a systematic design approach to rational 
machine series planning. This first article dis- 
cusses fundamental concepts and design cri- 
teria. Succeeding articles will treat in detail 
the analytical procedures to be used and the 
methods of attacking specific problems. 




















@ A family of related units 





@ Similar in construction, operation and purpose 


@ Classed together according to a plan establishing the small- 


est and largest and the rate of increase in size and rating. 


N THE INITIAL stages of planning a machine 

series, development of all models to finished 

form is not necessary or desirable. Usually, 
at the beginning, it is sufficient to establish and 
define the performance characteristics and the 
basic or general geometrical dimensions of all of 
the models. Later, the individual units can be de- 
veloped according to market needs. It is partic- 
ularly important that the designer avoid the un- 
desirable consequences which may result when, 
for lack of an organized approach, models are piled 
on models, in the belief that the range is being 
covered intelligently merely because each model 
is larger than the one preceding or smaller than 
the one following. 





Existing standards can have a direct influence 
on machine series and should be accounted for in 
early planning. The value of standardization in the 
case of machine components has sometimes been 
questioned but is generally well recognized and ac- 
cepted. For complete machines, however, the re- 
verse may often be true. Standardization of per- 
formance requirements for certain types of ma- 
chinery must be carefully planned; otherwise it 
may act to hinder improvement and progress. 

In these articles, the concept of a “planned” 
series carries a special significance which should 
perhaps be clarified. As used here, the terminology 
takes on an abstract sense, exclusive of any com- 
pany or type of product. It conveys the idea of 
















ABOUT THE AUTHOR . .. 

A native of Florence, Italy, Dr. Ing. Paolo Ted- 
eschi received his doctorate in mechanical engineer- 
ing from the Polytechnical School of Milan, Italy, in 
1922. He remained with the school from 1924 to 
1930, in charge of steam turbine design. In 1931 
he became chief engineer of Aeromeccanica Marelli 
S. A. in Milan, a post which he left in 1940 to join 
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sulting engineer to several companies in Buenos Aires 
(FAVRA S.R.L., P. Merlini & Hijos S.R.L., etc.) engaged 
in the manufacture of products ranging in diversity 
from valves and pumps to power transmission units 


and cooling towers. 
Early in his career, Dr. Tedeschi “. . . was able to 


perceive the basic criteria for a general study of the 
problem of planning a machine line and clearly 
realized that the complete development could not be 
a work of youth but that of a more advanced age.” 
The methodology and techniques described in this 
series of articles grew from the studies he performed 
to fulfill those early objectives. 


general applicability in keeping with the design 
approach. Thus, reference will be to a planned 
series instead of standard lines, to planning in- 
stead of standardization. 


Series Limits and Intervals: Establishing the 
limiting models of a machine series extending over 
a range of sizes is a vexing problem but, fortunate- 
ly, is of relatively secondary importance. To de- 
termine maximum and minimum model sizes, the 
designer would have to foresee exactly the future 
requirements of the industry or industries for 
which the machines of the series are destined. This 
task becomes particularly difficult since both limits, 
especially the maximum one, are dependent on 
future progress and, often, completely disconnected 
circumstances which are impossible to predict be- 
forehand. However, the consequences of a mistake 
in setting the limiting sizes are not as serious as 
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they might seem because the series may be readily 
extended in both directions without affecting the 
established intermediate models. 

On the other hand, the number of elements in 
a series, the magnitude of the intervals between 
successive models and the variation of these in- 
tervals are of critical importance and must be 
correctly determined. From the “technical’’ point 
of view, short intervals are desirable. This pre- 
ference is intuitive and will be explained in numer- 
ical terms later. From the economics standpoint, 
the tendency is to reduce fixed costs as much as 
possible, leading to a smaller number of models 
and large intervals. The best answer, as in all en- 
gineering problems, is a compromise in which both 
views are reconciled. The final objective is to de- 
termine in each case and for each region of the 
series the most convenient interval and the most 
convenient number of models. 
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Identifying Characteristics: A necessary condi- 
tion for the formation and design of a series of 
machines is that the units be mutually comparable. 
For certain types, as exemplified by hydraulic 
turbomachines such as centrifugal and axial pumps 
and hydraulic turbines, the possibility of a series 
arrangement is established by one constant per- 
formance criterion—constant rotational speed, gen- 
erated pressure, net head, etc.—or by the fixed 
value of a specific, characteristic or unitary index 
such as the so-called characteristic number of 
revolutions. This latter value for turbomachines 
is characteristic to the extent that it alone will 
give a specialist in the field an effective picture 
of the geometrical and operational properties of 
the machine and, in some cases, will identify cer- 
tain construction details which would be possible 
and convenient only with particular values of the 
index. 

Unfortunately, such an index does not exist for 
all types of machines. Volumetric engines and 
pumps, for example, must be identified in other 
ways. In these cases, the characteristic index may 
take the form of a set of physical and operational 
system specifications which, if varied, would make 
it impossible to logically arrange the machines in 
the same series. For instance, a high-pressure 
reciprocating pump is adequately identified by the 
number and position of cylinders, the type of 


Table 1—Three Types of Geometric 

















*Based on American Standard for Preferred Numbers ‘‘10-Series.’’ 
$Based on American Standard for Preferred Numbers ‘‘5-Series,’’ 


**10-Series’’ and ‘‘20-Series.’’ 


tThe ratio for each term is the quotient of the corresponding and 


preceding term values. 
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! 

1 

1 

! 

1 

; Progressions 

1 

i sion Type 

i Constant Ratio* Multiple Ratiog Second Order 
' Term Ratiot Value Ratiot Value Ratiot Value 
' 

i 1 is | ca 1 aa 2 
; 2 1.25 1.25 1.6 1.6 1.68 1.7 
' 3 1.25 1.6 1.6 2.5 1.63 2.7 
' 4 1.25 2.0 1.6 4 1.58 4.3 
; 5 1.25 2.5 1.25 5 1.53 6.6 
, 6 1.25 3.2 1.25 6.3 1.48 98 
i 7 1.25 “% 1.25 8 1.44 14.1 
: s 1.25 5 1.25 10 1.40 19.7 
' 9 1.25 6.3 2.25 12.5 1.35 26.6 
' 10 1.25 8 1.25 16 1.31 35.9 
: 11 1.25 10 1.25 20 1.27 44.7 
, 12 1.25 12.5 1.25 25 1.23 55.1 
' 13 1.25 16 1.25 31.5 1.20 66.1 
; 14 1.25 20 1.25 40 1.16 76.8 
' 15 1.25 25 1.25 50 1.13 86.5 
1 16 1.25 31.5 1.25 63 1.10 94.5 
; 17 1.25 40 1.12 71 1.06 100 
' 18 1.25 50 1.12 80 ane 
' 19 1.25 63 1.12 90 

; 20 1.25 80 1.12 100 

' 21 1.25 100 
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pistons and the maximum normal operating pres- 
sure; e. g., triplex vertical plunger pump, 100 at- 
mospheres. 


Reference Numbers or Modules: A series is a 
rational arrangement of sizes. If its formation and 
development are to be accurately traced, the per- 
formance and size of each machine must be clearly 
represented. This identification can be accom- 
plished by means of two reference numbers or 
modules. 

One of these numbers represents the capacity 
or rating of each machine, referred to the most 
suitable property or characteristic in each partic- 
ular case, and is called the module of performance 
or operational module. 

The second number must express the geometrical 
size of the machine directly in terms of the most 
appropriate dimension of length, area, volume, etc. 
It is called the module of geometrical dimension 
or simply geometrical module. 

The two modules must be interdependent. Thus, 
when one has been arranged in a series, the series 
formed by the other is automatically traced. 
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Table 2—Centrifugal Pump : 
Experimental Data ; 

i] 

C Cc. n , : 
(gpm) (per cent) , 
600 0.4 64.2 0.760 : 
750 0.5 71.0 0.840 ' 
900 0.6 76.5 0.905 1 
1050 0.7 80.4 0.950 ; 
1200 0.8 82.9 0.980 , 
1350 0.9 84.2 0.995 ' 
1500 1.0 84.6 1.000 - 
1650 1.1 83.4 0.986 ; 
1800 1.2 79.1 0.935 " 
1950 1.3 72.7 0.860 ; 
2100 1.4 60.9 0.720 ; 
| 

1 

1 

i 

! 











The most logical operational module would, of 
course, be one that directly indicates the power or 
capacity of the machine in the magnitude and units 
appropriate to the specific case; for instance, 
power in horsepower or kilowatts for motors, vol- 
ume in gpm for pumps, transmitted heat in Btu 
per hour for heat exchangers, etc. However, uni- 
versal adoption of this procedure for determining 
the operational module is rendered impossible by 
some easily understandable difficulties which soon 
become apparent. 

For certain types of machines, the capacity can 
not always be readily represented by a single phys- 
ical property. With pumps, for example, both vol- 
ume and pressure or head must usually be speci- 
fied. In these cases, the operational module be- 
comes the “resultant” of two or more “components” 
or, simply, is a property to which these components 
contribute jointly. For centrifugal pumps, it will 
be found that the most approximate operational 
module is the specific volume which is defined as 
(volume) / (head) !/?. 

For constant operating conditions, the opera- 
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tional module of a machine can be readily ob- 
tained from the analytical expression of its per- 
formance. But if, as often occurs, the machine is 
adaptable to varying operating requirements, the 
set of properties or characteristics to be taken as 
a basis for the operational module cannot usually 
be evaluated without previous investigation, de- 
pendent, of course, on the particular factors in- 
volved. 

As previously defined, the geometrical module 
expresses the machine size in terms of a dimension. 
This dimension may be of length, area, volume or 
sometimes may be an expression of a power su- 
perior to the third. Ideally, the dimension selected 
for a particular machine should be the one most 
suited to represent machine size and, also, to be 
interdependent with the operational module. 

When both modules have been determined, a re- 
lation between the two terms must be established. 
This relation can be expressed analytically and 
may be of either rational or empirical-experimental 
origin. 

As will be shown later, this relation usually 


Fig. 1—Left—Typi ef- 
fici curves for several 
types of hydraulic turbines 


Fig. 2—Below—Efficiency 

curves for several subse- 

quent models for a fan 
series 
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takes the form 
W=kL seseeseeseccs QOD 00006 Se eee ee Pe! er eere 


where W is the operational module, L the geo- 
metrical module and k and -¢« are constants 
for th i ies. i i i : 
r the particular series. This form of relationship American Standard preferred number series*, the 


between the two modules has a particular useful- aaitieaieiaiin ww im eremestion to the tam volun 

ness in design and acts to facilitate the develop- . gro " Prop d 

ment of the corresponding machine series and the successive terms are usually the product 
, of the preceding term multiplied by a constant. 


, . ‘ Referring back to the proposed electric motor line 
Math : : ‘ 
athematical Tools: In selecting a suitable series and using the ASA “10-series” which has a con- 


re a of modules, the designer nes several _ stant ratio of 1.25, the series shown at the left 

sible approaches available. Mere intuition is often . , , 

confirmed by rational analysis hand side of Table 1 (constant ratio type) is ob- 
5 tained. On the basis of normal industrial and 


A familiar mathematical procedure for deriving . , , . 
a sequence of terms is the arithmetic progression commercial requirements this series would be ac- 
in which each term differs from the preceding one ni eer a vo o Detaues Cane ay, Se ae 
by a constant amount. However, for most engineer- ee ee : ’ 
ing practice and especially in the area of standard- A complete solution to this problem, at least 
ization it is well recognized that arithmetic pro- from the intuitive point of view, might possibly 
gressions, in spite of their apparent orderliness and  ¢ reached by one of the two following methods: 
simplicity, are actually completely irrational. Adop- (1) Use ° of subsequent geometrical — 
tion of this type of progression for a machine series  8'eSSions, each having a different ratio, or (2) 
would in effect compel acceptance of intervals which  4¢termine a special progression with a continu- 
would not be justified or logical over the entire ously varying ratio. An example of the first alter- 
series range. native is given by the middle series, Table 1, which 

A good picture of the difficulties encountered is _¥5¢8 3 groups of progressions and has 20 terms. 
furnished by analysis of a possible series of electric The second method of solution is exemplified by 
motors with outputs going from 1 to 100 hp ap- the 17-term series, shown at the right-hand side 
proximately. For an arithmetic progression with of Table 1, in which the values have been ap- 
an interval of 2 hp, only a few initial terms would proximated to the nearest tenth and the ratios 
be acceptable; with an interval of 10 hp only a few have been rounded off to the second decimal figure. 
end terms; and with an intermediate size interval To form this series, a decreasing progression of 

ratios has been employed. This series of ratios is 


of say 5 hp, only a narrow central portion of the 
series would meet normal requirements. also a geometric progression with a constant ratio 
A definite improvement can be obtained through less than one; for this case the ratio is 0.970. 
use of another familiar mathematical tool—the The mathematical theory and practical applica- 
tions of this last series, which may be defined as 


geometric progession. For this type of progres- 
sion, which is used as the basis for the well-known 2 second-order geometrical progression, will be 
discussed in future articles. This type of series 
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sign requirements and generally serves as the 
reference point for the developments which form 
the basis of these articles. Sometimes, groups of 
conventional geometrical, or even arithmetic, pro- 
gressions may be used as substitutes but these only 
serve as practical approximations with the special 
progression still remaining as the fundamental 


guide. 


Efficiency Criteria: With only a few exceptions, 
the total efficiency of a machine will vary with 
load according to a curve which rises to a maximum 
height and then drops until the abscissa co-ordinate 
of maximum load is reached, limited by circum- 
stances which are generally independent of effi- 
ciency. The load value at maximum efficiency is 
generally considered the normal or design load. 

Actual shape of the load-efficiency curve will 
vary for different types of machines. In many in- 
stances, the form is so characteristic that a spe- 
cialist can determine the exact machine type merely 
on examination of the curve appearance, Fig. 1. 

Similar machines belonging to the same series 
will have efficiency curves similar in form. Maxi- 
mum curve height will rise gradually as machine 
size increases since the losses accompanying any 
transformation of energy are proportionately de- 
creased as absolute machine magnitude becomes 
larger. However, this increase of maximum effi- 
ciency may be ignored initially and it can be 
safely assumed that the curves for the series units 
may be derived from each other on the basis of 
a proportional relationship between corresponding 


abscissas. Thus, for each efficiency value, the 
abscissas of the curves for different machine sizes 
will differ by a constant factor determined by the 
ratios of their normal capacities. As shown in Fig. 
2, a plot on the same chart of the efficiency curves 
of two or more similar machines of different sizes 
produces a set of homologous curves. A closer 
examination of these curves will be helpful in de- 
veloping some of the fundamental criteria essential 
to rational machine series planning.* 

An efficiency curve for a machine of capacity C 
is shown in Fig. 3; », is the maximum efficiency, 
ym is the minimum allowable efficiency and C,, is the 
normal or design capacity corresponding to y,. A 
horizontal line representing the minimum allowable 
efficiency, »,, intersects the efficiency curve at two 
points having corresponding abscissas of C’ and C”. 
These two abscissas represent minimum and maxi- 
mum capacities, respectively, limiting the applica- 
tion range of a machine which has to operate at an 
efficiency not less than the minimum, 7». 

Two useful relationships for expressing curve 


properties are: 


Dn (2) 


hm 

or 

C 

where « is defined as the factor of efficiency loss. 


= (3) 


B 


* It is interesting to note that the idea of interdependence between 
formation of a machine series and the related efficiency curves 
is attributed to the French engineer L. Bergeron who mentioned 
it briefly in an article published in 1922, dealing with the case of 
centrifugal pumps. 


Fig. 4—Unitary efficiency curve 
plotted on two symmetrical charts 
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It is evident that the value of 8 depends on the 






fined as the shape index of the curve and its 
value will increase as the curve becomes flatter in 
the region of maximum efficiency. Since the effi- 
ciency curves for similar machines have the same 
ov) shape, if a constant factor of efficiency loss, az, 
2 is assumed, 8 will also be constant. 

© If, from the standpoint of economics, the mini- 
mum allowable capacity established for each unit 
must coincide with the maximum of the preceding 
ek we Pas J ile one, and vice versa, the ratio between these mini- 

ke 


dita ponies left and ti cor . shape of the curve and is an increasing function 
ners of the left and right-hand charts, re- ee of a. The ratio may perhaps be most aptly de- 
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mum capacities becomes approximately equal to 
that of the normal or design capacities for two 
subsequent units. Thus, if @ is constant, the series 
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a formed by the sequence of normal or design ca- 
eA eB T pacities coincides with the terms of a geometrical 
PG 
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16 182 





* > progression with ratio 8. This relationship offers 
x a rational basis for justifying the adoption of the 
geometrical progression as a fundamental guide 
for tracing the formation of a series of modules, 
having, in this case, the character of operational 
re modules. 
Further investigation also justifies the use of 
a decreasing ratio from the first to the last term 
of the series. As a matter of fact, based on prin- 
ciples of elementary economics larger losses of 
efficiency are permissible in small machines than 
in large ones. This means that g« must decrease 
accordingly. The shape factor 8, which is a direct 
function of a, must also decrease progressively, 
thus establishing a geometrical progression of 
decreasing ratio or one of the type defined as 
“second order.” 
Thus, analysis of physical and economic fac- 
tors produces the same conclusion reached previ- 
ously by intuition. 
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Significance of Curve Shape: In the previous dis- 
cussion of efficiency curves, attention has been 
called to the importance of curve shape as a prime 
consideration in the rational determination of a 
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3 ° a a: > series of operational modules—at least, where such 
> m3 s oe a curve has meaning and can be plotted. Perhaps, 
it ex ye at this point, it would be best to clarify the 
ww a exact meaning of the expression, “shape of the 
a P< = s curve.” 

NN Be oe oe aN In the discussion to follow, it will be helpful to 
mil a = SD Ran 5 introduce two concepts which are designated as the 
Ran’ wane Sits, ee © unitary efficiency, »,, and the unitary capacity or 
maz’ 8 a load, C,. These terms are defined by the expres- 
id to : 
Pa = ee 5 sions 
i a 
3 
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where », and C, are the design efficiency and ca- 
pacity, respectively, and » and C represent effi- 
ciency and capacity values corresponding to any 
point on the efficiency curve. 

A typical plot of », and C, values is shown in 
Fig. 4, the curve having its origin at point B. In 
addition to the values of », and C,, the comple- 
mentary values to unity, (1-C,) and (1-y,), have 
also been indicated on the scales. For purposes of 
these articles, only the absolute or numerical (in- 
stead of the algebraic) value of the term (1-C,) 
will be considered, since negative values would 
otherwise result in the overload range. 

A more convenient arrangement of curve axes 
is obtained if the origin is established at the 
normal point A and the abscissas in both direc- 
tions, along Az and Az’, are considered positive. 
Referred to these new axes, both branches of the 
curve take the form of parabolas with coincident 
axes. 


Results of Curve Analysis: By limiting the in- 
vestigation of »y, to values near 1, which is the 
significant zone, and by analyzing a large number 
of experimental curves in this region, it has been 
found that each branch of the curve, Fig. 4, follows 
with good approximation a parabola of the form 
defined by: 


(1 %) = Ky (1 = C,,)¢ (6) 


where K, is a parametrical constant and e is the 
exponent of the curve. The two curves might be 
best described as equivalent parabolas; their loca- 
tion on the right or left-hand side will depend on 
whether the values of C,, are larger or smaller than 
1, respectively. 

Another important characteristic determined 
from the curve analysis is that the right and left- 
hand parabolas generally have different parameters 
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and exponents. In the majority of cases these ex- 
ponents have a value between 1.5 and 2.5. 

Thus, the shape of the unitary efficiency curve 
can be defined by a group of four values, two 
parameters K, and two exponents e, which cor- 
respond to the two curve branches. However, this 
form of describing the curve, in spite of its math- 
ematical elegance, is deprived of any intuitive 
evidence, and, as will be shown later, makes the 
use of the graphical methods developed more dif- 
ficult. 

For these reasons as well as other practical limi- 
tations, a preferred method of expressing the shape 
of the curve is by means of two values of C, which 
the curve itself intercepts at a definite reference 
value of »,. To complete the representation, the 
exponents of the two branches are included with 
these intercepts which substitute for the para- 
meters. 

As a suitable basic or reference value of »,, the 
value 0.9 has been chosen and will be written as 
a subscript of C,. The pair of values of C, must, 
of course, be accompanied by the corresponding 
pair of values for e. 

For example, the expression C,»9, = 0.60 — 
1.26 and e = 2 — 2.5 mean that the left-hand 
curve branch intercepts the reference ordinate, 
™ = 0.9, at an abscissa of C, = 0.60 and has the 
exponent e = 2.00. Also, the intercept of the right- 
hand branch falls at C, = 1.26 and the correspond- 
ing exponent of the curve is e = 2.5. 

The practice of designating the reference unitary 
efficiency by means of a subscript to the corres- 
ponding unitary capacity will also be employed 
when other values different from y, = 0.9 have 
to be adopted. This form of notation, of course, 
can always be applied; its use with the particular 
reference value 0.9 is merely recommended as 
sound practice, where special prohibiting circum- 
stances are absent, on the basis of experience 


Fig. 6—Curve of sales 
probability in terms of 
geometrical modules 
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gained with numerous actual curves. 


Graphical Approach: “Parabolic analysis” per- 
haps best describes the study of efficiency curves 
in accordance with the criteria established in the 
foregoing discussion where the curve is identified 
by two parabolas and the descriptive notations are 
synthesized in two intercepts and two exponents. 

Where rapid analysis of a number of parabolic 
curves is required, the most convenient method 
of handling curve data is with logarithmic paper. 
Like the Cartesian chart, Fig. 4, the new diagram 
has to be double-sided and symmetrical, Fig. 5. 
In plotting the new diagram, starting from two 
points with an arbitrary distance between them, 
two systems of co-ordinate axes must be drawn. 
Scale graduations along these axes will be de- 
termined from two functions, the abscissas from 
log (1-”) and the ordinates from log (1-y) where 
the expression (1-x) represents its absolute or 
numerical value only (values are positive in any 
case, also where x>1). For left-hand abscissas 
x = C, < 1, for right-hand abscissas x = C, > 1 
and for ordinates of both co-ordinate plots, y = »,. 

Origins on the axes of a Cartesian chart cannot 
be reproduced in the logarithmic image. Conse- 
quently, for the new curves origins will be estab- 
lished at (1-7) = (1-y) =0.01. In Fig. 5, these val- 
ues appear as C,, = 0.99 for the left hand diagram, 
C, = 1.01 for the right hand diagram and y, = 
0.99 for the ordinates of both. 

On this chart, parabolas of any parameter and 
exponent defined by Equation 6 become straight 
lines in which position and slope depend on these 
two analytical characteristics. 

With the left-hand diagram extended to the ab- 
scissa C, = 0 and the right-hand one to C, = 2, 
the ordinates of the intercepts of the sloping 
straight lines representing the parabolas at those 
extreme boundary positions are the numerical val- 
ues of the two parameters, K,. However, in actual 
practice the position of the straight lines repre- 
senting the parabolas is such that determination 
of the parameters by means of the graph usually 
requires prolongation of the boundary lines down- 
ward to the extent of doubling or tripling chart 
height. This undesirable result is another of the 
practical reasons why the use of parameters for 
curve notation is not advisable. With the abscissa 
reference method of notation, the plotted values 
always fall within the limits of a convenient dia- 
gram size, Fig. 5, and can be read without diffi- 
culty. 

For determination of the curve exponents, which 
are a function of curve slope, two goniometric 
scales based on trigonometric tangents have been 
provided in Fig. 5. These scales have their centers 
in the lower left and right-hand corners and their 
angular origin in a direction parallel to the axis of 
abscissas. If, from these centers, lines are drawn 
parallel to the lines representing the equivalent 
parabolas and are extended to intersect the gonio- 
metric scales, the corresponding curve exponents, e, 
can be read directly at the point of intersection. 
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The procedure for analyzing experimental data 
by means of the chart is illustrated by the follow- 
ing example. 

The results of an experimental test to determine 
the efficiencies of a centrifugal pump at different 
volume rates of flow are given in Table 2 along 
with the calculated values of C,, and y,. Normal or 
design capacity at y, = 1 is 1500 gpm. 

Corresponding pairs of values of C, and », de- 
termine points on the chart and are plotted accord- 
ingly in Fig. 5 on the left or right-hand sides, de- 
pending on the magnitude of the value of C,. For 
each side, straight lines are drawn through the 
points, averaging any misalignments in point dis- 
tribution, as shown by the heavy solid lines in 
Fig. 5. 

Values of C, ». may be determined directly from 
the two plotted curves as the abscissas of the two 
points located by the ordinate y, = 0.9, which is 
the unitary efficiency reference value, giving, in 
this case, C, 9.9 = 0.59-1.25. Values of C, for any 
other values of y,, may also be readily obtained in 
the same manner. 

Values of the exponents, e, for the two curve 
branches are found at the intercepts on the gonio- 
metric scales of lines drawn parallel to the curve 
plots and passing through the goniometric scale 
origins. In this case the intercept values are e = 
2.28-2.10. 

The chart is also useful in other ways. Assume 
that a curve, different from the foregoing, has only 
its reference values, Cy 99 = 0.75-1.15 and e = 
2.0-1.8, given and the values of C,, 9.92 and Cy 0.98 
must be determined. The first step is to establish 
the two curve branches as shown by the heavy 
dotted lines in Fig. 5. For the left-hand side, the 
curve plot is a straight line passing through the 
point C, = 0.75, », = 0.9 and having a slope equal 
to tan! 2. For the right-hand side, the linear 
curve plot passes through the point C, = 1.15, », 
= 0.9 and has a slope equal to tan 1.8. These 
inclinations may be readily determined directly by 
means of the goniometric scales, reversing the pro- 
cedure used in the previous example. The required 
values of C,, may now be read directly from the 
curve at the points given by the ordinates y», = 
0.92 and », = 0.98. Thus, C, 992 = 0.772-1.132 
and C, 9.03 = 0.887-1.062. 

For a machine series where many efficiency 
curves of machines of the same kind are involved, 
the method of analysis just described will establish 
the most probable shape of the efficiency curve in 
only a few values of C, 9, and e. Without the 
graphical aids described, this synthesis would be 
practically impossible since it would entail the 
construction of parabolic curves from unknown 
data on Cartesian co-ordinates. 

Thus, it is evident that minimum and maximum 
values of C,,, and the related shape coefficient 8, 
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-. Problem: ee re 


Given: 


Cost Calculations 





(1) Three different conditions of fixed 
cost to 3, 5 and 10 times the 
produc cost for one unit of 
each model : 

series progressions 


(2) Five ble 
Geometrical modules of first de- 


(3) 


possi 
of 41, 21, 11, 6 and 5 


gree (linear) 
(4) Sas of | and smallest geo- 
metrical ete equal to 10 
(5) Production cost portional to 
the square of geometrical 
module 


Recovery of fixed charges when 
593 machines are manufactured. 


(6) 


Calculation Procedure: 


(1) Calculate total production cost for 
each series. Sample calculations 
for 11-term series shown. 




















Unit Total 
Production Unit Production 
Cost Quantity Cost 
Term Module F n Fn 

1 1.00 1.00 12 12.00 
2 1.25 1.60 67 107.20 
3 1.60 2.50 89 222.50 
4 2.00 4.00 99 396.00 
5 2.50 6.30 98 617.40 
6 3.15 10.00 84 840.00 
7 4.00 16.00 61 976.00 
8 5.00 25.00 38 950.00 
9 6.30 40.00 24 960.00 
10 8.00 63.00 14 882.00 
11 10.00 100.00 7 700.00 








=F=269.40 =n=—593 2F'n=6,663.10 


(2) Calculate total cost of series for 
each of the different fixed costs. 
le calculations for 11-term 


series are given. 























1 2 3 
Total Produc- 
tion Cost =Fn= 6,663 2Fn= 6,663 =Fn=6,663 
Fixed Costs 32F= 807 52F=—1,345 ‘102 F'= 2,690 
Total Series 
Costs 7,470 9,008 9,353 
’ (3), Compare total series costs. 
Summary of Calculated Data 
Number of 
Models 41 21 11 6 5 
Ratio of Model 
Progression 1.06 1.12 1.25 1.60 1.80 
Ratio of Cost 
Progression 1.12 1.25 160 250 3.15 
Total Costs 
Fixed 
Cost= 32F 8,356 7,369 7,470 9,041 10,144 
Fixed 
Cost=102F 14,747 10,750 9,353 10,203 11,166 


Fixed 


Cost= 5=2F 10,182 8,355 9,008 9,871 10,436 
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Cost (thousands) 
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Total costs 


Production cost 


Fixed costs 
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tion on the smallest allowable value of »,. Usually, 
8 will be the same as the ratio between normal ca- 
pacities and, consequently, the progression ratio to 
be adopted when the criterion of allowable effi- 
ciency loss is the dominant factor in series plan- 
ning. 


Production Costs: Minimum allowable efficiency, 
as a planning criterion, can not always be applied 
without reservation. If the efficiency curve is flat, 
a desirable characteristic in any well-designed ma- 
chine, such a criterion would lead to excessively 
large intervals and too small a number of models. 
On the other hand, if the efficiency curve bends 
sharply or the field of application is limited by 
other unfavorable characteristics, the need for con- 
tinuity of subsequent application ranges would lead 
to acceptance of too large a number of models. 

Even in cases where the concept of efficiency 
loss is applicable, results must be checked with 
others, derived from more immediate economic con- 
siderations that are based on production and fixed 
costs. 

Production costs of a set of machines arranged 
in various series groupings with different numbers 
of elements will decrease as the number increases, 
if fixed costs are disregarded. In effect, a minimum 
cost is attained when, for each specific application, 
the machine that exactly fits the operational re- 
quirements is produced. If the machines belong 
to a series, however, the capacity of each will al- 
ways exceed the required capacity, resulting in 
increased size and cost. 

Considering now the fixed charges for research, 
engineering and production—drawings, foundry 
patterns, stamping dies, gages, jigs, fixtures, etc. 
—it is apparent that these charges will vary in- 
versely to production costs and will increase with 
the number of terms of the series since every new 
model added requires additional engineering ex- 
pense. 

Total cost, of course, is the sum of the two. Since 
the variation between the two follows an inverse 
pattern, it is possible and probable that a certain 
number of series elements can be found where total 
costs approach a minimum value. This considera- 
tion offers another guide to rational series plan- 
ning. 

The following example may be helpful in clarify- 
ing the application of this concept to series plan- 
ning. 

Assume a series of machines having a geometri- 
cal reference module, of first degree (linear), which 
increases from a minimum value 1 to a maximum 
10. The elementary theory of similarity of dimen- 
sions and weight, from the standpoint of costs, 
indicates that the production costs of machines of 
a series are, in general, proportional to an exponen- 
tial of the geometrical module. Frequently, this 
exponential power is 2. For convenience, the series 
under analysis will be assumed to follow this law. 
Additionally, it will be assumed that the total num- 
ber of machines to be manufactured in all model 
sizes of the series is approximately 600 and that 


MACHINE DESIGN—July 1954 


may be readily determined, basing the determina- 








engineering costs are completely recovered by this 
quantity. 

It is obvious that sales of different sizes will 
not be uniform. Generally, the smaller models will 
have a better market than the larger sizes. In 
some cases, best sales may occur with intermediate 
sizes. For determination of the probable sales mar- 
ket, the curve in Fig. 6 can be used. Assuming 
that no machines are made for stock, this curve 
will also give the number of separate model units 
to be manufactured. In this chart, models are 
represented along the abscissa by their geometri- 
cal modules. 

From a comparison of five different series of 
geometrical modules, lying between the limits 1 and 
10, the most convenient number of models can be 
determined. Four of these series are American 
Standard preferred numbers groupings, specifically 
the 40, 20, 10 and 5-series, and consist of 41, 21, 
11 and 6 terms respectively. The fifth series is a 
5 term nonstandard progression. 

The chart in Fig. 6 is based on the first of these 
series groupings; namely, the one composed of 41 
terms. The others are derived from the first, omit- 
ting every other term to obtain first the 21-term 
series, and then the 11-term and the 6-term group- 
ings. 

Concerning the manufacture and sale of the dif- 
ferent models, it will be assumed that, if on passing 
from one series to the other some of the models 
are eliminated, an equal number of machines of the 
nearest larger size will be manufactured and sold, 
according to the criterion of using the next larger 
size whenever one model of the primitive series is 
missing. Thus, the total number of machines to be 
produced remains constant for all of the series, 
while the number of units of individual models 
increases as the number of models decreases. 

Fixed costs are assumed to be a multiple of the 
production cost for each model. To investigate 
the influence of fixed costs on total cost three dif- 
ferent cases will be presented, assuming that fixed 
costs are respectively, 3, 5 and 10 times greater 
than production costs. Accordingly, the fixed costs 
for a complete series will, in the three given cases, 
be 3, 5, or 10 times the total production cost for 
one unit of each model. 

This basis for cost calculation has been employed 
for the five series groupings mentioned previously, 
producing the tabularized results shown in Fig. 7. 
For the 11-term series, the complete calculation 
procedure is shown; however, for the other series 
only the final results are summarized. A graphical 
interpretation of these cost data is also shown in 
Fig. 7. 

From the curve plot in Fig. 7, it is evident that 
the most convenient zone lies between 6 and 21 
terms. It must be remembered that these data 
concern a series of geometrical modules with lim- 
iting values of 1 and 10 and that the type of pro- 
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gression adopted for series arrangement is the con- 
stant ratio progression serving as a basis for the 
American Standard for preferred numbers. Thus, 
the progression ratios corresponding to the differ- 
ent series which fall into the desired zone on Fig. 
7 of 6 to 21 terms have a range of values from 1.58 
to 1.12. Referring to the earlier discussion on types 
of progressions, it is evident that the variable 
ratio of the second order geometrical progression 
fits within these limits, if this type of progression 
should be adopted for series planning. 

The curves in Fig. 7 also show that fixed cost, 
perhaps the most disputable factor of this whole 
analysis, is not of primary importance since its 
variation over the most desirable flat curve range 
from 11 to 16 terms, which represent the series of 
minimum cost, corresponds to the variation over 
the range from 3 to 10 times the total production 
cost for one unit of each model. 

Obviously, the previous analysis represents only 
a tentative approach applicable to those cases where 
fixed costs have an importance comparable to that 
of the example. In the mass production of ma- 
chines or appliances where large stamping dies, 
special machine tools, and other expensive equip- 
ment may be required, fixed costs may become 
such a decisive factor that selection of the number 
of models to be manufactured will depend on the 
general financial structure of the company. 


Commercial Considerations: These considera- 
tions are perhaps the most vaguely defined, but 
at the same time are the most important, especially 
from the viewpoint of sales. They have as a basic 
tenet the condition, similar to that discussed in 
reference to production costs, that the selling price 


of machines in a series decreases as the number 
of models increases; that is, as the series becomes 
more dense. It is apparent that a manufacturer 
with a dense line is able to offer machines with 
capacities nearer to those requested in each case 
by a buyer than would a manufacturer with a 
smaller number of models. The latter would have 
to offer larger and more expensive machines to 
meet buyer specifications because of the larger 
series intervals in his less dense line. It is inter- 
esting to note that this elementary concept is often 
overlooked by manufacturers, possibly because of 
the difficulty in distinguishing the business lost 
by virtue of the faulty series from that lost for 
reasons of a more directly commercial nature. 

As in the case of production costs, the advan- 
tages of a dense series are rapidly counterbalanced 
by certain negative factors, such as stagnation of 
capital by stocks and charges of commercial or- 
ganization, which partly depend upon the total 
number of models. Nevertheless, from a strictly 
commercial point of view, these disadvantages are 
not of a significance to rule out the benefits of 
a relatively dense series. 

Thus, it is apparent that when, on the basis of 
efficiency loss or production costs or both, a cer- 
tain range of terms or of progression ratios is 
being determined, commercial considerations will 
lead to a choice of a larger number of models 
rather than a smaller, to a lesser progression ratio 
rather than a greater. 

In the second article of this series, attention will 
be devoted to the analytical aspects of machine 
series planning. Second order progressions, their 
properties and their usefulness as a planning tool 


will be treated in detail. 


Microphotometer Designed To Minimize Operator Fatigue 


& ONVENIENCE and minimum operator fa- 

tigue are two objectives attained in the 
design of a new Comparator-Microphotometer 
developed by Jarrell-Ash Co. The console 
model has a desk-height cabinet, and foot 
control for scanning motion. Panel switches 
are positioned on the left side, leaving the 
right hand free for writing and plate mark- 
ing. Designed for sensitive comparison of 
spectroscope plates, the instrument projects 
an 18 by 9-millimeter area of the plate onto 
an 11 by 11-inch screen (15X magnification) 
and has a sensitivity sufficient to yield full- 
scale deflection for an effective slit size of 1 
micron by 0.7-millimeter (700 square mi- 
crons). Coarse motion control is manual, 
with motor-driven fine motion at a speed of 8 
microns per second. Scanning period and dis- 
tance are controlled by the operator with 


either the foot switch or pushbutton; provi- 
sion is also made for returning and rescan- 
ning. 














Cuarreress LINEAR MOTION for reciprocat- 
ing rods operating under variable load conditions is 
obtained with a frame support design employing ball 
bushings. Developed by Thomson Industries Inc. for 
use on a power hack saw, the de- 
sign replaces a conventional adjust- 
able gib construction and reduces 
friction, wear and vibration to a 
minimum. High rigidity is achieved 
through a bolted frame assembly 
employing a main guide rod mount- 
ed in a pair of tandem ball bush- 
ings and a smaller antirotation 
guide rod mounted in a single bush- 
ing. 
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Bonopwe-s.ock construction of 
electrical control assemblies provides 
a compact oil-tight unit and offers 
flexibility in meeting application re- 
quirements. In a design developed by 
General Electric for a pushbutton con- 
struction, a standard single-pole dou- 
ble-throw contact block is utilized as 
the basic assembly element. The con- 
tact block can be used separately or can be 
readily combined with another block on a 
single mounting base to make a double-pole 
double-throw unit. Operators, nameplates 
and color rings are all separable and inter- 
changeable, providing a wide variety of com- 
bination possibilities. In addition, four blocks 
can be combined in a tandem arrangement by 
means of a simple adapter plate to give four 
normally open and four normally closed con- 
tacts. 
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Duar CLUTCH design devel- 

oped by Eaton Mfg. Co. offers 
multipower performance in a 
single mounted unit. Alternate 
paths of power flow are provided 
by a countershaft construction 
employing two magnetic-particle 
clutches in a tandem arrange- 
ment. Engagement and disen- 
gagement of each clutch is elec- 
trically controlled; clutching ac- 
tion is produced by an electro- 
magnetic coil which “freezes” a 
dry mixture of powdered metal 
and lubricant particles when en- 
ergized. Application of the 
clutch to multispeed transmis- 
sions offers a number of auto- 
matic control possibilities. A 
fully automatic power shifting 
transmission may be readily 
achieved with a comparatively 
simple gear box. Shifting se- 
quence is controlled by alter- 
nating from one clutch to the 
other; as each clutch picks up 
the load, the inoperative unit 
shifts to the next drive ratio, 
assuring a smooth uninterrupted 
transfer of power. Maintenance 
and wear are reduced to a min- 
_imum by the design which vir- 
tually eliminates any sliding con- 
tact between clutch members. 
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Rotary CAM VALVE provides cyclic control of 
fluid flow and pressure in a piston pump design. 
Employed on a deepwell water pump developed by 
Gilbert Gilkes & Gordon Ltd. of Kendal, England, 
the valve utilizes a rotating cam, mounted to the 
crankshaft and resembling a conventional counter- 
weight in appearance, which alternately covers and 
uncovers a delivery port in the pump housing. In 
operation, the delivery port is closed as the piston 
moves downward, compressing the water in a lift 
pipe. On the upstroke, the port opens and releases 
the pressure on the water column which instantly 
moves up in the lift pipe, producing a discharge 
through the delivery port and simultaneously open- 
ing a footvalve to draw in additional water from 
the well. 
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WO MACHINE designers recently brought 

suit against a munitions manufacturer for 

overtime compensation under the Fair Labor 
Standards Act. The defense maintained that these 
workers were employed in a professional capacity 
and as a consequence were not entitled to over- 
time pay under the provisions of that statute. 

In relation to the right of employees to overtime 
compensation, the statute states that its provisions 
“shall not apply with respect to any employee em- 
ployed in a bonafide executive, administrative, pro- 
fessional or local retailing capacity or in the ca- 
pacity of outside salesman.” The pertinent portions 
of the definition of “professional’’ under the Regu- 
lations are contained in the box on Page 113. 

The work performed by these two employees was 
the design of machinery for the construction of 
40-millimeter shells which at that time was not 
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By Albert Woodruff Gray 


Jackson Heights, L.I. 
New York 


available in this country; each received a weekly 
salary of $75.00. Said the court in its character- 
ization of this type of work in the decision of this 
case: 


To completely design a new machine, such as 
a crimping machine for shells, a machine de- 
signer must mentally conceive the kind of ma- 
chine necessary for the particular work and the 
design then must be implemented in detail. 

The type of work is predominantly intellectual 
and creative rather than routine. The layout 
or detail reduction to paper is necessarily in- 
cidental to the design or may be delegated to 
others. Many designers prefer to do their own 
layout or detail work rather than trust it to 
others. 

The work of the machine designer requires the 
exercise of discretion or judgment in its perform- 
ance and being creative it naturally cannot be 
standardized in relation to a given period of time. 


Both of these employees had attended high 
school and had studied in technical courses of 
draftsmanship and machine design. Neither pos- 
sessed an academic degree but both had acquired 
many years of experience in machine design. 

The Federal Court in holding these machine de- 
signers to be professional employees and exempt 
from the overtime requirements of the Fair Labor 
Standards Act, said: 
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Fifty years ago it is probable that the em- 
ployees’ occupation of machine designer would 
not have been classed as a profession, but it is 
evidenced from the definition of the regulations 
that the scope of the term “professional” has been 
much broadened for the administration of the act. 

We find that these employees’ work comes with- 
in the regulations’ definition of professional. It 
will be noted that the definition sets up six sepa- 
rate requirements. The character of the work of 
these employees meets each of these several tests. 
The work was predominantly intellectual and 
varied in character, required the consistent exer- 
cise of discretion and judgment in its performance, 
could not be standardized in relation to a given 
period of time, and the employees were compen- 
sated by a salary which was greatly in excess of 
$200 per month required in the definition. 
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In another suit of this character brought five 
years later for overtime compensation, this same 
defense was set up by the employer. In that in- 
stance the men were employed as electrical and 
mechanical designers but their work consisted 
merely in correcting and checking mechanical 
drawings. 

Holding that this work was not professional em- 
ployment under the overtime provisions of this 
statute the Federal District Court said: 


Although these employees were designated as 
mechanical and electrical designers and were per- 
haps qualified to do the work of professionals 
within the meaning of the Administration’s defini- 
tion, their functions while employed by this em- 
ployer, were those of draftsmen and draftsmen 
checkers. The greater portion of the time worked 
was employed in copying lines from drawings 
made by various manufacturers from whom 
power-house equipment had been ordered or in 
inserting lines as directed by the engineering staff 
of the employer. What they did was not a creation 
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of their imagination, skill or knowledge, but was 
of a routine nature. 


In contrast with the decision in this case in- 
volving work in the construction of power plants 
is a decision made by the same court the following 
year. Here suit was brought against a manufac- 
turer of fire control and navigation instruments 
for overtime compensation by an employee who 
had performed the mathematical and physical cal- 
culations as assistant to the senior engineer in 
the research and development of naval precision 
ordnance. 

The court holding this employee to be a pro- 
fessional employee and not entitled to a recovery 
for overtime, said: 


There remains no doubt that he was employed as 
a professional engineer and performed services as 
such throughout the period of his employment. He 
selected the values of the resistors, capacitors and 
so on, required to make an amplifier. 


A further decision handed down by a Federal 
District Court a few months later, in relation to 
demands for overtime pay made by engineers en- 
gaged in the manufacture of electronic devices, 
classified these employees as professional workers 
exempt by the statute from overtime compensation, 
and stated in part: 

Their chief function, however, was to determine 


the most economical method of manufacture con- 
sistent with the quantity and quality desired and to 


specify in order the exact sequence of the opera- 
tions to be performed with a designation of the 
tools, machines and equipment and labor classifi- 
cation to be used in each operation. 

It was their duty and responsibility to specify 
the material for ordering purposes and, if some 
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tool not already available was needed, to reduce 
the expense of manufacture to a minimum, to de- 
scribe the tool and to suggest changes in designs 
or tolerances where the specifications required a 
method of manufacture more expensive than the 
circumstances warranted. 

To do all this required a wealth of experience 
and knowledge of costs, an ability to discriminate 
between the various machines capable of doing 
each operation so that the one which could do the 
work in the desired quantity at the least expense 
per unit, should be selected, and a knowledge of 
the cost of setting up each machine in readiness 
for the operator. 

As the salary range was well above the re- 
quired minimum I find that the process engi- 
neers in general were properly classified as exempt 
within the meaning of Wage and Hour Division’s 
regulations. 


This same controverted question occurred again 
only a few years ago in a lawsuit by an employee 
for overtime pay against a federal ordnance plant 
in Minnesota. The employee in this instance had, 
at the beginning of his employment, been a drafts- 
man in the tool engineering department. Shortly 
afterward he had been assigned as an engineer spe- 
cializing in gage drawing. The greater portion of 
his working time was devoted to the preparation 
of gage drawings with a general supervision of the 
other employees in this section. 

The court ruled that the work of this employee 
was “professional” within the meaning of the 
statute: 

In the case of this employee the facts warrant 
concluding that he qualified as an executive or 

a professional employee. Few are those who 


have attained his qualifications. Upon him the 
University of Minnesota conferred degrees of 
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Bachelor of Mathematics and Bachelor of Archi- 
tecture, to which was added three years at the 
same institution devoted to chemical engineering. 
At different times he had four to seven drafts- 
men working under him. The work performed 
by him required original and creative ability and 
special training. He was skillful and efficient. 
Drawings completed by his group were subject 
to his approval and had to satisfy his judgment. 
To say that he did not exercise discretion and 
independent judgment in the performance of his 
duties cannot be supported. This employee has 
satisfied the Administration’s definition of an 
“executive” or a “professional” employee. 


A famous definition of this word “professional” 
was made many years ago by the Supreme Court 
of the United States, which fully justifies these 
recent decisions that a machine designer is a “pro- 
fessional’’ employee within the interpretation of 
that word by the Wage and Hour Division of the 
Fair Labor Standards Act. 

At the time of this old case a Federal statute 
had been enacted forbidding labor contracts with 
aliens before their immigration to this country but 
excepted from its provisions “‘persons belonging to 
any recognized profession.” 

A contract had been made by a Louisiana sugar 
plantation owner with a German chemist for the 
employment of the chemist on the plantation. In 
its decision that this contract was for professional 
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employment the court said in its definition of that 
term: 


ONAN WH 


One definition of a profession is an “employ- 
ment, especially an employment requiring a learned 
education, as those of divinity, law or physic.” 
Another definition of the word is ‘a vocation in 
which a professed knowledge of some department 
of science or learning is used in its practical ap- 
plication to the affairs of others, either in advis- 
ing, guiding or teaching them, or in serving their 
interests or welfare in the practice of an art 
founded on it.” 

Formerly theology, law and medicine were 
specifically known as the professions, but as the 
application of science and learning are extended 
to other departments of affairs, other vocations 
also receive the name. The word implied pro- 
fessed attainments in special knowledge as dis- 
tinguished from mere skill. A practical dealing 
with affairs as distinguished from mere study or 
investigation; and an application of such know- 
ledge to uses for others as a vocation, as dis- 
tinguished from its pursuit for its own pur- 
poses. 
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Leaf-Spring 


SWITCHE 


. . « provide flexibility 
in the design of elec- 
trical control circuits 


By R. G. Crockett 


Chief Engineer 
General Control Co. 
Boston, Mass. 


Y ERSATILITY of multiple-circuit switches 
provides the machine designer with wide 
scope for the exercise of ingenuity in elec- 

trical circuit design. For instance, if full advan- 
tage is taken of this versatility the single throw of 
a heavy-duty lever switch can transfer as many 
as twenty circuits without the use of relays. Con- 
trol can be effected at prearranged time intervals 
or in sequence, with driven switches, Fig. 1. Push- 
button switches can be assembled in banks to con- 
trol up to 200 different, isolated circuits. 

Switches which can perform these diversified 

functions include those using contacts mounted 
on leaf springs, which are discussed in this 
article. Such switches may be actuated manually 
by levers, pushbuttons or rotary knobs, or mechan- 
ically through plungers or cams, Fig. 1. 


Switch Design: Basic element of such switches 
is the leaf-spring buildup, Figs. 2 and 3. The leaf 
blades are insulated from the mounting bar by 
spacers and quill. In Fig. 2 the contact blades are 
electrically insulated from the actuating rods by 
means of a Tenite or nylon lifter and an additional 
leaf spring. In Fig. 3, insulating rollers are used 
with the cam-lever actuator, and a lifter for the 
transfer to the right-hand contacts. 

Leaf springs are stamped from materials which 
will retain adequate contact pressure and yet be 
capable of millions of deflections. Phosphor bronze 
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alloys are most widely used for this purpose be- 
cause of these characteristics. They are strong, 
good conductors, resistant to corrosion, and capable 
of repeated deflection. Exceptional mechanical 
characteristics and resistance to wear are found 
in beryllium copper. This material has the lowest 
creep of any commercial copper alloy and is used 
where extreme durability and long life are im- 
portant. 

Electrical connections to cam lever switches are 
made by wiring and soldering directly to the lugs 
on each leaf. Leaf springs are separated from each 
other by means of bakelite spacers as well as 
tubular quills which insulate buildup screws from 
the blades. 

Contacts are made from numerous materials such 
as silver alloys, palladium, tungsten, and Fasaloys. 
Good conductivity plus resistance to wear and cor- 
rosion are prime factors in selection of this ma- 
terial. Contacts are usually of the silver alloy 
type and not infrequently are bifurcated or split. 
This consists of a large contact button on one 
spring and two smaller contacts on the tips of 
the other spring. 

Atmospheric conditions govern the degree of 
fungus proofing and anticorrosive plating on switch 
parts. One factor commonly overlooked is the re- 
action of dissimilar metals in the presence of an 
electrolyte, for instance, salt atmosphere. Even 
though protective plating is applied to individual 


MACHINE DESIGN—July 1954 














q Fig. 1—Left—Control assembly 
for machine tool, showing lever 
switch (upper) and cam-actuated 


individual circuits 


















































parts, the possibility of corrosion is present if a 
break in the plated surface allows moisture pene- 


tration, resulting in electrolytic action. 


Eight different forms of leaf-spring buildups 


are available, Table 1. 


It is common practice to 





use combinations or multiples of these, acording 
to circuit control requirements. There is, of course, 
a mechanical limitation to the number of buildups 
per switch frame since excessive spring pressure 
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Fig. 3 — Below — Assembly of ted 

leaf-spring buildups in a cam- Mounting 

lever switch controlling five plate 


will naturally result in stiff operation. It is possible 
to mount up to four sets of transfer contacts (form 
C) in each position. 

Switch assemblies are conveniently classified in 
five groups according to method of actuation: 


Lever switches 
Pushbutton switches 
Rotary switches 


Manual: 


Rotary switches 
Plunger or cam-operated buildups 


Driven: 


Lever switches, Figs. 3 and 4, find many applica- 
tions in both industrial and commercial testing 
equipment. They are capable of handling currents 
up to 10 amperes, 115 volts ac noninductive. Mount- 
ing is accomplished either by use of mounting 
screws, Fig. 4, or “single-hole mount” in which 
the neck of the switch is threaded and protrudes 
through the panel, Fig. 5. This is held in place 
by a large nut and lock washer. 

The lever is usually provided with an insulated 
handle and is commercially available in several 
lever throw combinations of lock, nonlock, full 
throw, and half throw, Table 2. In some instances 
lever switches have been paired with a common 
mechanical linkage by both lever handles so that 
they may be actuated simultaneously. Solenoid- 
operated cam lever switches are convenient for 
remote locations. The cam lever switch in Fig. 5 
has four transfer positions and one neutral posi- 
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tion, simulating an up-down-left-right aircraft 
pilot control which is often useful as a positioning 
control for cranes or load equipment. 


Pushbutton switches of the multileaf type permit 
control of several circuits through a single actua- 
tion of a pushbutton, Fig. 6. Practical applications 
of this type of switch include information selection, 
quality testing, and equipment sequence control. 
Pushbutton switches are rated at 5 amperes, 115 
volts ac noninductive. The plungers (to which are 
attached pushbuttons) operate against the leaf 
springs through an insulator and lift them to per- 
form the necessary contact transfer. As many as 
fifteen pushbuttons may be placed in a single row, 
each with interconnecting mechanism so that a 
variation of switching action is possible. 

Pushbutton operation may be any of several 
types: 

Nonlock—has no locking action and returns to 

normal position on release of finger pressure 

Accumulative lock—buttons pushed in remain 

locked in position until released by pushing re- 
set button 

Lock release—any button pushed in releases any 

previously pushed in button 

No two interlock—only one button can be pushed 


in at one time, and that releases any other 
button. 


In addition, single rows of buttons can be inter- 
coupled so that depressing a button in one row 
will release all previously engaged buttons in any 
other rows. Such an array of pushbuttons can 
control approximately 200 individual circuits. 


Manually operated rotary switches are employed 
in many industrial and home appliances in one 
form or another. Test instruments and control 
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panels also utilize many variations of this type of 
switch. 

Rotary switch construction consists fundamen- 
tally of rotary cams or switch arms which actuate 
or make contact with a surrounding ring of con- 
tacts or switches. The switches used in such a de- 
vice are of various types and range from heavy- 
duty contact buttons to low-current wafer sec- 
tions with slide contacts. Included within this group 
are leaf-spring buildups, snap action limit switches, 
and slow-make limit switches. 

Electrical ratings on rotary switches vary from 
audio currents to heavy-duty power tap ratings. 
Leaf springs, when used, carry a maximum cur- 
rent rating of 10 amperes, 115 volts ac noninduc- 
tive; snap-action limit switches carry a usual 20 
amperes, 115 volts ac, or 10 amperes, 230 volts ac. 

Mounting of rotary switches is such that the 
shaft protrudes through the panel with the body 
of the switch behind the panel. It is difficult to 


Table 1—Leaf Spring Buildups 





Description Contacts 





Normally open 





Normally closed 





One side normally closed (SPDT) 





Make before break 





Break- make before break 





Both sides normally open (SPOT) 





Both sides normally closed (SPDT) 





Make -—make 
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state a maximum number of circuit possibilities 
since the light-duty rotary switches combine many 
low-current circuits on a small frame. For in- 
stance, a six-gang wafer radio switch may have as 
many as twelve poles and six positions per gang. 
A heavy duty tap switch may consist of fifteen 
or twenty taps depending on physical size and ar- 
rangement. 


Driven rotary switches in combination with a 
driving element provide the all-important means 
of performing timed operations automatically. In 
general, two systems are employed: 1. The switch 
rotor may be indexed mechanically upon comple- 
tion of the previous cycle; and 2. The switch rotor 
may be driven at a predetermined rate by a tim- 
ing motor, or coupled shaft, so that contact trans- 
fer occurs at definite time intervals. 

Electrical ratings vary with the type of switches 
used, and the ratings of commercially available 
products cover a wide field. Construction of rotary 
driven switches is similar to that of the manually 
operated type except that provision is made for 
coupling to a driving element. Frequently a com- 
bination of both a driving unit and a manual con- 
trol knob is employed. This permits the cycle to 
be jumped ahead, as in many home automatic 
washing machines. This combination type employs 
a ratchet clutch which provides enough coupling 
for indexing through spring tension from the driv- 
ing arm, and at the same time allows manual dis- 
engagement for changing to a new clutch position. 

A solenoid-driven rotary switch is shown in Fig. 
7. Here both cams and switches are preset to per- 
form specific contact transfers upon each actua- 
tion of the solenoid. 

Switch timing may be either preset or adjustable. 
An adjustable arrangement is most necessary on 
machine tool control applications where either 
major changes in timing and switching or frac- 
tional corections to an established cycle must be 
made. 

Duration and frequency of contact transfer may 
be controlled by several methods. Variables may 
be introduced into: a. Rotary speed, b. Location of 


Table 2—Switch Lever Operation 









Symbol 








Non-Lock (spring return) 


—I> 


Lock (stays put) 


——/ 














Three —Position 

















Two-Position half throw Two-Position full throw 


Se 
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LEAF-SPRING SWITCHES 


cam, or c. Location of switches. Varying the shaft 
speed of a rotary switch will, of course, vary 
switch timing. This may be accomplished by a 
change in machine speed or gear ratio on the 
coupling shaft. 

Flexibility in timing can be accomplished also 
by varying the cam location on a 360-degree 
periphery. Thus, split cams are used to adjust 





























































Fig. 8—Above—Typical arrangements of 
teat g buildups for mechanical actua- 
tion by plun or cams. Upper switches 
include provision for transfer of motion 
from one set of contacts to another 






Fig. 9—Below — Cam actuated leaf-spring 
buil switches controlling index- ‘dies 
of side head turret in a machine tool 


Photo, courtesy The Bullard Co. 







































LEAF-SPRING SWITCHES 


the position of cam shoulders; detachable cam 
shoulder rings are also employed. However, both 
of these require more than simple shop knowledge 
to adjust and therefore are not too practical from 
a maintenance viewpoint. 

Simplest of the methods is the change of switch 
location, and when this is done from the outside 
of the enclosure, no parts need be removed. Limit 
switches are mounted in slots by set screws and ad- 
justable either in a radial direction or, in other 
cases, transverse direction. With fixed cams, radial 
adjustment varies the switching with respect to 
zero degrees of shaft rotation. Transverse adjust- 
ment permits setting of the duration of switching 
when used with a wide cam with spiral shoulder. 

The combinations of both cam positioning and 
variable switch location offer an even wider range 
of settings; usually, however, this degree of flexi- 
bility is not necessary. 

Spring leaf blades offer many possibilities for 
multiple-circuit rotary switch control. In addition 
to the variety of switching combinations of form 
A through form H buildups, Table 1, at any one 
position, multiples of these may also be mounted 
either at separate points around the cams or 
mounted against separate cams to form a truly 
multiple circuit switch. 







Plunger or cam-actuated leaf spring buildups 
are utilized in obtaining fully automatic operation 
of machine tools and other equipment, Fig. 1. As 
shown in Fig. 8, these consist of bars upon which 
are mounted a number of leaf-spring buildups. 
Each buildup is actuated by a mechanical plunger 
or cam, and sequence of actuation determined by 
plunger timing. Contact ratings are usually 10 am- 
peres, 115 volts ac noninductive, this being suf- 
ficient capacity for control relays and auxiliary 
electrical control equipment. 

Leaf spring assemblies are located in an enclosed 
section of the machine housing to eliminate the 
effects of dust, chips, and oil. 

Cam-actuated leaf contacts can provide multi- 
circuit control at prearranged time intervals, Fig. 9 
thus eliminating the need for bulky mechanical 
linkage. Such an arrangement offers certain ad- 
vantages of economy and space over timer-relay 
combinations. The switches are compactly designed 
to occupy a minimum of space and their construc- 
tion insures long life and reliable operation. 


“We must be careful to avoid what might be 
called power myopia—the popular current assump- 
tion that peacetime atomic energy means only nu- 
clear electric power. Remember how often, in the 
past, we have been smothered by the obvious. Even 
now we may be looking right at some uses for 
atomic energy of tremendous significance and not 
seeing them.”—-THOMAS E. MURRAY, commissioner, 
U. 8S. Atomic Energy Commission. 
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Line-of-action analysis leads to optimum 
geometry and practical tolerances for precision 











Fig. 1 — Stress chart and 
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NALYSIS on the line of action of mating 
gear teeth may often reveal the best gear 
tooth geometry as well as dimensional cor- 

rections that can be made to insure proper opera- 
tion. Recent results obtained with aircraft, elec- 
tronic, instrument and other precision gear appli- 
cations have indicated that gear tooth errors along 
the line of action have been responsible for many 
failures. In many cases, these failures may be 
attributed to a lack of appreciation of just what 
constitutes a destructive gear tooth error. A line- 
of-action analysis focuses attention on the pitfalls 
and often leads to judicious countermeasures. 


Preliminary Steps: To obtain a complete picture 
of gear action, analysis should begin with a layout, 
to some convenient scale (a diametral pitch of 1 is 
frequently used), of the line of action of the gears. 
The dimensions needed for this layout are the cen- 
ter distance and base diameters of the gears. From 
these data, the base circles are constructed and a 
line is drawn tangent to both circles and inter- 
secting the center line. This line represents the 
line of action and is the path along which all in- 
volute tooth contacts should occur if uniform angu- 
lar velocity is to be transmitted from the driving to 
driven gear. . 

The next preliminary step is to make a tooth 
layout for each gear member. This should include 
an analytical or graphical development of the in- 
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volute tooth curves, plotted in the same scale as 
the line of action layout. At least three or four 
teeth of each gear should be constructed, using cir- 
cular pitch and tooth thickness to mark off tooth 
positions. The final tooth layouts should ideally 
be in the form of cutouts made from some type of 
transparent plastic material and including centers 
to permit turning. 

The two layouts, in combination, offer a useful 
tool in design analysis. Geometric meshing condi- 
tions for mating gears may be readily simulated by 
superposing the gear tooth layout over the line of 
action diagram, Fig.1. Fundamental concepts such 
as first point of contact, backlash, contact ratio and 
pure interference can thus be studied. However, 
for the majority of cases, these basic factors will 
usually have been determined previous to the tooth 
layout construction. The primary purpose of this 
article is to demonstrate how these layouts can be 
utilized to interpret the effects of, and need for, 
dimensional tolerances of given magnitude for 
mating gear teeth. 


Sources of Error: Some of the more significant 
gear errors, measurable or appreciable, are: 


1. Spacing error, the tooth-to-tooth error 
measured along the line of action between 
adjacent teeth. 

. Involute error, the plus or minus deviation 
from a true involute curve that is generated 
from the circumference of the base diame- 
ters. 


3. Runout, the difference in radial location of 
tooth profiles with respect to their function- 
al centers. 

4. Method of gear support, a matter of design 
arrangement. 


Spacing Error: The effective error of spacing is 
found only if measured along the line of action. 
Its numerical value should be recorded as a plus 
or minus deviation from absolute spacing accuracy. 

After these values are known or assumed, pend- 
ing fabrication of parts, the spacing error com- 
bination that has the most detrimental effect on 
line of action may be readily determined. From 
Fig. 2, it can be seen that this greatest error exists 
when two pairs of teeth begin engagement with the 
largest existing negative spacing error on the 
driver meeting the maximum positive spacing er- 
ror of the driven member. In this condition of 
mesh, due to the combined spacing errors, tooth 3 
will come into action prematurely. Its first ap- 
proach action, relative to tooth 2, will occur out- 
side the line of action, producing an “out-of-phase” 
engagement and causing a disturbance of angular 
velocity transmission. Furthermore, the first ap- 
proach action of tooth 3 will be with the sharp 
corner of the tip-land portion as the leading edge, 
tending to scrape or cut the lower flank portion of 
its mate until it is back in phase with the line of 
action, and from then on acting correctly with in- 
stantaneous curves parallel to each other or nor- 
mal to their common tangent. 

The obvious consequences of the foregoing con- 
dition are angular velocity variation, poor mechan- 
ical efficiency and surface destruction. 

It is interesting to note that most gear designers 





Fig. 2—Tooth layout showing inter- 
ference as a result of compounded 
spacing errors 
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driven member 








Minus spacing error on 
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Fig. 4—Tooth layout illustrating 

effect of modified involute shape 

in canceling spacing errors which 

would otherwise lead to inter- 
ference 














Base Start of approach Outside 


diameter diameter 
Desirable involute form 








| True involute line 


Mean height of active profile 


Fig. 3—Relationship of modified 
involute profile to true curve 








diameter 











are in wide discord about allowable values for a 
gear scoring factor. Numbers seem to vary in the 
ratio of six-to-one. Perhaps a more intense effort 
toward comparing acceptable spacing errors could 
bring this issue of scoring into more common agree- 
ment. 

Also illustrated in Fig. 2 is an additional error 
which is additive to the previously discussed spac- 
ing error. This is caused by deflections of teeth 1 
and 4. The instantaneous deflections of tooth 1 and 
4 are effective on spacing at the instant when tooth 
3 and 2 go into action to share the load. Tooth 1 
deflects in a manner that. increases the already 
negative spacing error of the driving gear to an 
even greater negative value. And tooth 4 acts 
much in the same manner, but it increases the plus 
spacing in the driven gear. The amount of active 
deflection is difficult to observe, but it nevertheless 
exists and is affected by tooth geometry, contact 
ratio, pitch-line load, and material strength or 
structure. It is important that this effect of deflec- 
tion be recognized and allowance be made for can- 
celling the induced errors of operation caused by 
both of the previously discussed absolute gear 
errors. 

It may be pointed out that other combinations of 
errors may also occur along the line of action. 
However, as far as basic gear geometry, dimen- 
sional errors and normal loads are concerned, the 
conditions discussed here have been found the most 


serious. 
The most effective means for elimination of de- 
structive action of spacing and deflection will be 
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realized if control is exercised over deviation in 
the curvatures of involute profiles. 

This deviation should be in the form of a maxi- 
mum-plus condition at the mean height of the ac- 
tive tooth profile, gradually returning to true curv- 
ature at the tip and lower tooth flank, Fig. 3. The 
amount of this plus deviation should be in the or- 
der of equal to or greater than the effective spacing 
and deflection errors. 

The effect of involute deviation upon the line of 
action spacing errors is shown in Fig. 4. The plus 
deviation on the driving gear will cancel its own 
inherent negative spacing and the plus deviation 
on the driven gear will cancel its own positive spac- 
ing error. This somewhat amazing result is, of 
course, due to the directions from a fixed point of 
the applied deviations. It may be further stated 
that a new operational pitch has been established. 

To affirm the concept that the worst condition 
of effective errors along the line of action has been 
analyzed, it will be helpful to assume the exact 
opposite values of spacing errors for the driving 
and driven gears. Under these conditions, it will 
be found there is a slight reduction in the active 
portion of the line of action and a subsequent re- 
duction in contact-ratio. This will not be harmful 
unless the contact ratio is so small that it will 
cause a lack of overlap action and thus give an 
effect of jumping from tooth to tooth. With con- 
tact ratios of 1.3 or larger, and controlled devia- 
tion, the previously suggested method of tooth 
form is fully justified for precision gears. Also, 
the cutting action of the diamond shaped top land 
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of the tooth is eliminated. Since the first approach 
action is somewhat delayed, involute curves will 
make contact, as should be, normal to their com- 
mon tangent. 


Involute Error: This error may well be of a se- 
rious nature, even though spacing checks have 
given excellent results. In measuring spacing, the 
measurements have been made from one involute 
curve to the adjoining curve of the next tooth along 
the line of action. The position of the measure- 
ment is from the first approach point to the vicin- 
ity of the mean height of profile on the next tooth. 
Therefore, it can be assumed that the involute form 
might go plus or minus from the start of approach 
to the tip (outside or inside diameter of gear). 
This will affect the line of action. A negative fall- 
off on the driver will have much the same effect as 
a negative spacing error and may further add to 
this error, depending on the condition of engage- 
ment. 

Similarly, if the driven member has a plus devi- 
ating involute, this error may again be additive to 
plus spacing. The magnitude and effect of these 
involute errors are intimately connected with con- 
tact-ratio. The higher contact ratios are less se- 
verely affected, due to the short zone of single 
tooth contact, Fig. 5. The best means for control 


of tooth errors is again by introduction of devia- 
tion in the curvatures of the involute profiles as 
shown in Figs. 3, 4 and 6. 


Runout: This condition should not normally oc- 
cur on precision gears. However, runout is some- 
times checked on nonfunctional and poor centers, 
rather than on operating diameters, and thus must 
be accounted for. The effect of runout on a pair of 
so-called no-backlash gears is, obviously, premature 
engagement out of the line of action. In this case, 
it may be called interference or locking, and is 
considered totally unacceptable for this type of 
transmission. 

On a pair of gears with normal backlash, runout 
will again be the cause of premature engagement 
and may, with low tooth numbers, actually cause 
interference. Here again, involute deviation, Fig. 
3, can cancel some of the poor effects of runout of 
tooth profiles. 


Method of Gear Support: Briefly, it may be said 
that the gear designer should exercise his ingenuity 
to achieve a design that provides for a full line con- 
tact along the face of the gears. This, of course, 
is for parallel-axes gearing only. The means for 
accomplishing this includes straddle mounted bear- 
ings and parallel bores. Over-hung mountings and 
tapered tooth faces are not usually acceptable be- 
cause skewed tooth profiles are not consistent with 
the basic concept of precision gearing. 





oS 


Fig. 6—Tooth layout showing condi- 
tion of single zone contact just prior 
to entering the dual contact zone 
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involute deviation 
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Fig. 5—Typical contact zone posi- 
tions for an involute tooth shape 
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N A FIELD long dominated by 
I polyester plastics, epoxy low- 

pressure laminates have recent- 
ly made some striking advances, 
and can be considered the chief 
contender for the championship 
title. Possessing several unique 
design advantages, laminated epox- 
ies have passed through their 
“trial” period and are now being 
used in practical commercial appli- 
cations. 

Main delay in development of 
epoxy resins as plastics for low- 
pressure laminating has been the 
concentration of development work 
in three other major areas: as high- 
strength adhesives, as potting and 
casting resins, and as base resins 


perties pany and . for durable coatings. Now firmly 
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established in these fields, epoxies 








ata for this article, based on Epon epoxy 
resins, courtesy Shell Chemical Corp. 
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Weight Change 
(after 7H 307 so 


immersion, per cent) 


Original 
Sulphuric acid (95 %) 
(70 %) 
(3%) 
Hydrochioric acid (37%) 
(10%) 
Nitric acid (50%) Top 
(30%) 
Phosphoric acid (98%) 
(10%) 
Acetic acid (glacial) 
(10%) 
Oxalic acid (saturated) 
Sodium hydroxide (50%) 
(1%) 
Sodium chloride (20%) 
Sodium sulphate (30%) 
Acetone 
Ethylene dichloride 
Ethylene glycol 
Hydraulic broke fluid 
Jet fuel 
Gasoline (109 octane) 
Distilled water 


Delominated after 7 days 


—2 | 0 
* atter 90 days immersion 


1 40 


of Elostierty 
in Flexure 
(miihion psi) 


Flexural Strength * 
(thousand psi) 


50 60 70 


Fig. 2—Chemical resistance of epoxy glass cloth laminates 


will undoubtedly receive more concerted attention 
as laminating plastics. And expanded facilities for 
production of the resin, such as Shell Chemical 
Corp.’s new plant in Houston, Tex., which has 
tripled production of their Epon resins, have as- 
sured an ample supply to meet future needs. 


Advantages and Disadvantages: One of the chief 
advantages of epoxy low-pressure laminates is 
their high strength, Fig. 1. Epoxies have excep- 
tionally high adhesive strength, giving a good bond 
between the plastic and base material. Thus, 
epoxy glass fiber laminates are logical materials 
for high-strength structural low-pressure laminates. 

In some cases—particularly with alkalies—epoxy 
laminates have better chemical resistance than the 
polyesters, Fig. 2. Moisture resistance is excellent 
and absorption low. Electrical characteristics of 
glass-reinforced types are at least equivalent to 
those of polyesters, Table 1. Maximum service 
temperature is about the same—approximately 350 
F for intermittent exposure of high-strength 
types, and strength retention at high temperatures 
is good, Table 2. 

To offset these advantages, however, epoxies are 
higher priced at present, although this factor could 
conceivably change with larger volume use. And 
because of the very adhesion that results in higher 
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strength, epoxies may be more difficult to mold, al- 
though again adequate molding techniques have 
been developed which eliminate most of the diffi- 
culties. 


Manufacturing Methods: Epoxies, like the poly- 
esters, have been used mainly with glass cloth or 
glass fiber reinforcement, although Orlon fabric is 
also being used. Conventional low-pressure lam- 
inating techniques—bag molding, contact molding 
or matched metal die molding—are all feasible. 

Two basic procedures are possible—wet layup 
lamination using liquid resins or dry layup using 


Table 1—Typical Electrical 
- Characteristics* 


Surface resistivity at 500 v (ohm) ..... Kshs daouee 
1 megacycle Lie a geeeeeens 
_ Power factor at 1000 cycles 21... 66s ceed ieee e eens 
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EPOXY LAMINATES 



































Fig. 3—Above—Air storage tank for jet aircraft 
starting system fabricated by Apex Electrical Mfg. 
Co. from one continuously wound strand of Epon 
epoxy-impregnated glass fiber 


Fig. 4—Right above—Chemical bath ventilating 
hood made from flat epoxy laminates assembled with 
epoxy-saturated glass tape 


Fig. 5—Right below—Etched circuits made from 

Epoglas, a copper-clad epoxy and glass cloth lami- 

nate. Radar circuit, top, by Cardwell Co. also 

forms the base of the chassis. Copper sections in 

selector switch, bottom, are silver-plated by Photo- 
circuits Inc. for better conductivity 


dry resin-loaded cloth or reinforcing material. In 
both cases, contact pressures up to 25 psi are pos- 
sible, although pressures above 25 psi result in a 
marked improvement in strength. For this reason, 
dry resins are usually used only with matched met- 
al molds since some pressure is desirable to provide 
adequate flow. Pressures above 200 psi may cause 
some flow-out of resin, especially with very liquid 





Table 2——High-Temperature 
Strength Retention* 





Ultimate Flexural Flexural Modulus of 
Aging Time Strength at290F¥ Elasticity at 290F+ 
(hours at 400 F) (thousand psi) (million psi) 





1 61.3 2.10 

4 52.3 2.24 

8 53.6 2.76 

100 62.3 2.82 

200 51.9 2.50 

. 300 46.8 2.81 





*Epon 828-CL and Fiberglas cloth laminate, tHeld 
at temperature for %-hour before testing; average of 
5 samples. 
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Polyester resin laminate — epoxy copper bond 
Glass mat with epoxy 


Glass cloth — melamine resin 


Glass cloth — epoxy resin 
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types, and a precure period at contact pressure may 
be necessary. 

Curing is accomplished under infrared lights, in 
ovens, or in matched metal molds; wet layups re- 
quire from 200 to 250 F, and dry moldings are gen- 
erally cured at 225 to 345 F. Postcuring at 350 to 
400 F for 1 hour results in maximum heat and 
chemical resistance. 


Applications and Cost: Structural, chemical and 
electrical applications are all execellent possibili- 
ties. An unusual example of the structural possi- 
bilities of epoxies is the high-strength tank, Fig. 3, 
which is approximately 35 per cent lighter than 
comparable steel tanks. Made by running a con- 
tinuous strand of glass fiber filament through an 
epoxy resin bath and onto a low melting point al- 
loy mold, the tank has a burst strength of over 


They Say... 


“The engineer’s training equips him not only 
with facts, but also with the capacity to deal with 
facts in a truthful and logical manner. As he 
learns to apply his disciplined, fact-discerning mind 
in dealing with materials, men, and money, the 
engineer emerges as a valuable and successful ad- 
ministrator. It should therefore not surprise us 
that a large proportion of the persons who enter 
the engineering profession become executives. 

“Some—and the number has been increasing 
year by year—cease doing what might be called 
basic engineering to become administrators. 

There are other reasons why the country is short 
of engineers. The engineering course is one of the 
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6—Relative cost of laminated photocircuit ma 
terials, including copper (Courtesy Plastilite inc) 


| 
4 


7000 psig. It has been tested for 10,000 cycles 
from zero to 3000 psig (rated operating pressure ) 
and back to zero at 30-second intervals without 
failure. 

Typical chemical application is the ventilating 
hood, Fig. 4, used to carry off highly alkaline plat- 
ing fumes. In this application the laminating proc- 
ess consists of laying up flat sheets and partial 
curing, using weights for pressure. Sheets are 
then assembled with epoxy-saturated woven glass 
tapes, and the assembly is given a final cure. 

One major electrical use for epoxy laminates has 
been in “printed” circuits, Fig. 5, in which the lam- 
inate serves as a base for a sheet of copper on one 
or both sides which is later etched to the desired 
pattern. Relative cost of various materials for 
this purpose is shown in Fig. 6, which is somewhat 
indicative of general costs for various laminates. 


most difficult on any college campus. Entrance 
requirements in engineering schools are exception- 
ally high. 

“Tn 1950, about 52,000 men graduated from engi- 
neering schools in the United States. In 1951 the 
figure dropped to 38,000, and in 1952 to about 
30,000. In 1953 it was about 23,000 and in 1954 it 
is expected to fall to 19,000. 

“This would be a low number for peacetime pro- 
duction needs alone. When we consider military 
needs and the fact that the Russian government is 
educating far more men in the engineering field 
than we are, we can with reason speak of a terrible 
shortage of engineers. 

“Is this still another instance of American short- 
sightedness with regard to preparedness?” 


Abstracted from ‘‘America’s Greatest Weapon’’ 
Weil, Ordnance, May-June, 1954. 


by Dr. Joseph 
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CARBON-GRAPHI 


By Jack C. Schubert _ 


























Div. of the Wickes 









ARBON-GRAPHITE compositions were orig- 
inally developed with the electrical industry 
for such applications as electrodes and 

brushes, and are still used in large quantities for 
this purpose. But carbon- graphite electrical 
brushes were not only used to carry electric cur- 
rent, but also had to run dry against metal com- 
mutators for long periods of time. These early 
applications led to the development of a hard, 
wear-resistant engineering material that has many 
desirable bearing properties. 

Being resistant to most ordinary chemicals, pres- 
ent-day carbon-graphite materials are ideal for 
bearings which depend upon the liquids being han- 





Fig. 1—Extruded carbon-graphite. 
Light areas are carbon and graphite 
particles; dark areas are voids 






Fig. 2—Fine-grain composition typ- 

ical of hard carbon-graphite used 

for mechanical applications (Graph- 
itar 30-A) 


died for lubrication. All fluids will provide some 
lubrication to carbon-graphite regardless of vis- 
cosity. Numerous installations in gasoline, fuel 
oil, water, steam, and even Dowtherm have proved 
the material’s versatility for such bearings. Best 
results are obtained with lubricants having a vis- 
cosity about that of water. 

Scoring or welding to metal journals is com- 
pletely eliminated even though the lubricating 
liquid is incapable of supporting the applied load; 
since carbon-graphite is a nonmetallic with a very 
high melting point, it will not score or seize even 
though in direct contact with steel journals at high 
temperatures. 

Carbon-graphite resists chemical attack from 
all chemicals except those of a highly oxidizing 
nature such as fuming nitric acid. When subjected 
to these agents, the exposed surfaces oxidize at a 
rate proportional to the severity of the chemical’s 
oxidizing power. 

Another outstanding property of carbon-graphite 
compositions is their ability to withstand temper- 
atures of approximately 700F in an oxidizing 


and new applications demanded better carbon- 
graphite compositions. To improve the material 
the entire manufacturing process was controlled 
more closely. Particle size of the raw materials 
was reduced from lumps to accurate mesh size, 
better blending and mixing techniques were devised, 
and the extrusion process and furnacing were im- 
proved. 

Although resulting stock, Fig. 1, gave better 
properties for mechanical applications such as seals 
and bearings, distribution of particles and voids 
was uncontrollable. To produce a fine grain stock 
suitable for such mechanical uses, the powder 
had to be ground finer and held to a specific mesh 
size. Binder must be evenly distributed around 
each particle. Much research was devoted to this 
phase of manufacture. Since the powders used can 
almost be compared in particle size with smoke, 
some of the problems encountered in controlling 
this smoke-like mixture to spread a minimum 
amount of binder around each particle can easily 
be realized. Excessive binder in the mix causes 
high shrinkage and varies the physical properties 
after furnacing. Additionally, high-pressure mold- 
ing processes are necessary to control porosity. 

With these manufacturing improvements, a ma- 
terial similar to that shown in Fig. 2 can be repro- 
duced again and again with identical structure and 
physical properties, but strict quality control on 
all phases of manufacturing is required. Even fur- 
nacing time is closely regulated since too fast a 
cycle will not allow volatiles to escape freely and 
ruptures the partially furnaced piece. 

With this type of carbon-graphite, a wide selec- 
tion of grades is available, from all-graphite stocks 
to an all-carbon stocks, with varying hardness, 
strength, and performance properties. 

Rigid quality control on each manufacturing 
operation is a must. This may seem to be an 
unimportant point, but the fact remains that sev- 
eral different grades can have the same physical 


ig. 3—Thin-wall flange bearings, 2, are more fragi 


atmosphere, such as air. If bearings are protected 
by a neutral or reducing atmosphere, even higher 
temperatures will have no harmful effects. High- 
temperature bearing applications are thus a na- 
tural, since ordinary lubrication is usually difficult 
to apply and of doubtful value. With carbon- 
graphite bearings, properly used, unusually long 
life can be expected. A continuous supply of dry 
graphite lubricant is present in the material’s 
structure to give long trouble-free service. 


harder to produce than more rugged types, 
thrust rf capacity is given by either desig 


Development of Present-Day Compositions: Early 
carbon-graphite compositions were rather crude. 
Coal, coke, carbon and graphite of various sizes and 
shapes were mixed with a pitch binder, then slugged 
or extruded to block or rod form. These green forms 
were then furnaced to reduce the binder to carbon 
and knit the particles together. The end-product 
was entirely satisfactory until service requirements 





(a)-Poor design (6) — Good design 
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properties, yet give entirely different results on 
a given application. Changes in manufacturing 
techniques, such as mixing, pressing and furnacing, 
will change the material from the performance 
standpoint. 


Properties of Carbon-Graphite: A bearing ma- 
terial is expected to have certain properties. Some 
of the important properties used to evaluate a ma- 
terial as a bearing are: 


1. Low friction 6. Thermal conductivity 

2. Score resistance 7. Composition and structure 
3. Compressive strength 8. Modulus of elasticity 

4. Fatigue strength 9. Corrosion resistance 

5. Wear resistance 10. High melting point 


Bearing materials operating nonlubricated or un- 
der extremely thin-film lubrication require many 
desirable properties to give satisfactory perform- 
ance. With carbon-graphite there is no tendency 
toward surface damage since carbon-graphite oper- 
ating in contact against a steel shaft will not weld 
or attach itself to a metal shaft. Experience has 
proved that a bearing material displaying high 
hardness and low shear strength will operate with 
low friction. 

Although carbon-graphite will not weld, minute 
layers are sheared off the bearing surface during 
the run-in period. This initial self-lapping causes 
a relatively high wear rate during the first few 
hours of operation. However, the bearing surface 
quickly takes on a high polish and further wear is 
virtually eliminated. Wear experienced during this 
wear-in period is very little, being in the neighbor- 
hood of 0.0001 to 0.0002-inch. After this, the bear- 
ing surfaces are suitably mated together. The 
shaft will then have a thin graphitic film that may 
be thick enough to give the area a chocolate-brown 
color, or be of such minute thickness that no dis- 
coloration is visible. This condition is desirable, 
since once these polished surfaces are attained, 
the bearing will operate with the lowest wear rate. 
The exceptional high hardness and strength ob- 
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tained in bearing grades of carbon-graphite con- 
tribute to its low friction and wear resistance. 
Several standard grades average 100 in Shore 
Scleroscope hardness. Because of high hardness, 
these grades are also brittle and not recommended 
for high shock loads. Fatigue strength at normal 
and high operating temperatures is sufficiently 
high to prevent cracks or chipping during the re- 
quired life for most bearing applications. 

Conformability of carbon-graphite is good be- 
cause of its low modulus of elasticity. This value 
ranges between 1.5 and 3.0 x 10° depending on the 
grade. It will and can be deformed within limita- 
tions to adjust for shaft misalignment, shaft de- 
flection, or other geometrical errors. 

Its ability to embed large amounts of abrasive 
particles or dirt is limited. Use of clean, filtered 
liquids is desirable; in fact, mandatory if long 
service life is expected. Dirt and abrasive particles 
that roughen the shaft bearing surface will cause 
rapid wear on carbon-graphite. 

Although the finished surface of a carbon bear- 
ing does not lend itself to inspection by conven- 
tional surface-roughness inspection equipment, sur- 
face finish is very important. A smooth grind is 
the accepted standard finish specification for bear- 
ing surfaces. When necessary, lapped inside diam- 
eters with a high polish are obtainable, as are 
highly lapped flat surfaces. Surface-roughness 
readings of a very low magnitude can be obtained 
but, due to the inherently porous structure, con- 
sistent readings are impossible. Sharp probes 
scratch the surface and destroy the mirror-like 
polish; another reading over the same area will 
then give an erroneous reading. The accepted 
method of inspection is by visual comparison with 
production samples from a lot that has proved 
satisfactory in operation. 
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Shaft Bearings; Thrust Bearings 


Two carbon-graphite shaft bearings and an 
end-plate are used in this submersible 
pump-motor. Used for underwater opera- 
tion in deep-well casings, the unit operates 
in water, and bearings are lubricated by 
the water. Rotational speeds are up to 3450 
rpm and thrust loads from 300 to 900 psi. 


Bearing Design: Bearing design should be kept 
as simple as possible. Straight-wall sleeve bushings 
are by far the most economical to manufacture and 
easiest to install. Flange bearings with thin walls 
and flanges, Fig. 3a, invite trouble as carbon- 
graphite is very fragile in this form. Instead of a 
flange bearing, it is wise to use a straight-wall 
bearing with the outside diameter the same as the 
flange diameter. The bearing should be designed 
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Wearing Rings 


Impeller wearing rings for this centrif- 
ugal pump are used in water, steam, 


hot oil, caustic soda and gasoline. 
Rings usually operate under 50 psi 
pressure, 200 F temperature and sur- 
face speeds of 3400 fpm. 


with one end extending out of the housing from 
7s to j,-inch to take the thrust load. This alter- 
nate design, Fig. 3b, gives the same thrust area 
at a more economical price than the flange design, 
yet is a more rugged bearing installation. 
Bearings designed to close tolerances must be 
finish-ground. Difficulty is encountered with han- 
dling small bearings, and especially those with 
inside diameters under 0.125-inch. Tooling neces- 
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Valve Bearings 





Bearings for this fuel selector valve must op- 
erate at temperatures down to —70 F. For 
similar valve applications, temperatures up 
to 450 F, pressures to 50 psi and surface 
speeds up to 100 fpm are encountered. 


Pump Shaft Bearings 


Ready installation in housings is one fea- 
ture of pump bearings. As employed in this 
gearless pump, bearings are press-fitted. 
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sary to grind such small diameters must be rigid, 
and no tool has been found to hold up for large 
production runs. 

Thin wall sections on larger bearings are not de- 
sirable and should be avoided whenever possible. 


Minimum wall thickness for given diameters is 
given in Fig. 4. Use of recommended thickness will 
assure a bushing that can be handled and installed 
easily. Six inches is the maximum length for one- 
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piece bearings up to 6 inches in diameter. Larger 
bearings with outside diameters up to 1334 inches 
can be built up to any required length by using 
individual bearing segments of approximately 2 
inches in length. 

If the application permits liberal tolerances, 
then the uSe of a completely molded bearing is 
possible. The tolerances necessary are approxi- 
mately 2 per cent on diameter dimensions with a 
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minimum of 0.010-inch and 10 per cent on length 
dimensions with a minimum of 0.030-inch. Bear- 
ings produced by this method are very economical, 
since all finishing work is eliminated. Millions of 
molded bearings have been supplied for pop-up 
toasters where the heat encountered and the quiet 
operation desired make carbon-graphite ideal. Two 
typical bearing designs with tolerances are shown 
in Figs. 5 and 6. 

Lubrication grooves are unnecessary in a major- 
ity of bearing applications. Carbon-graphite, hav- 
ing a minute porous structure is capable of retain- 
ing a supply of lubricant and feeding lubrication 
to the bearing surface as required. For applica- 
tions in which maximum possible bearing surface 
is necessary to support heavy loads, impermeable 
grades are recommended since fluids cannot flow 
through the material; therefore, a continuous solid 
surface is provided to support the lubricating film. 
On such installations lubricating grooves may 


Fig. 5—Molded toaster guide bear- 
ing showing typical tolerances 





























prove beneficial, and grooving designs conventional 
with metal bearings are satisfactory. Also, when 
liquids which may contain abrasives are being han- 
dled, grooves are helpful in freeing the bearing 
surface of large particles. 

For thrust bearings, a grade that is slightly po- 
rous will supply the lubricant to the thrust bear- 
ing surfaces. The problem of getting the lubricant 
between the flat mating surfaces is automatically 
solved since the controlled porous structure meters 
lubrication to the bearing surface; yet the surface 
area available is enough to support medium to 
heavy loads. Thrust bearing designs which include 
grooves and tapered lands to create a lubricating 
film are used on specialized applications. Such a 
design is expensive to produce and seldom neces- 
sary with a bearing material like carbon-graphite. 

Running clearance will vary with the different 
applications. The general recommended clearance 
is shown on Fig. 7. With lubricated bearings, 
especially where low-viscosity lubricants are em- 
ployed, closer running clearances can be used. On 
nonlubricated high-temperature applications, a 
large running clearance may be desirable, espe- 
cially at slow speeds. 

As a high-temperature bearing material, carbon- 
graphite retains its mechanical strength at elevated 
temperatures and will withstand high pressures 
without extruding or breaking up. Carbon-graphite 
should be held secure in a metal retainer or hous- 
ing at the highest operating temperatures. This 
assures good support to the outside of the carbon- 
graphite and prevents the possible loss of the bear- 
ing due to the housing expanding away from the 
bushing. Carbon-graphite has a very low coeffi- 
cient of thermal expansion, approximately 1.5 x 
10°* inch per inch per degree F. To compensate for 
this low expansion, carbon-graphite bearings must 
be properly installed. In many cases the method 


' Fig. 6—Slide bearing for toaster 
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may differ greatly from that used to install metal 
bearings. Whether the carbon-graphite bearing is 
installed directly into the housing or into a metal 
shell which in turn is inserted in the housing, the 
same factors must be considered. 


Housings and Shafts: Large interference fits be- 
tween the carbon-graphite bearing and the metal 
housing are usually necessary for high-temperature 
operation. This can be accomplished by either press 
or shrink fit. The size and the interference necessary 
will determine which method is most suitable. Press- 
ing in a bearing with more than 0.005-inch interfer- 
ence is not recommended, since the outside diameter 
will begin to shave off. If larger interferences are 
necessary, shrink fitting is the easiest method of 
installation. Proper installation of carbon-graph- 
ite bearings automatically compensates for the ma- 
terial’s low coefficient of expansion. With a carbon- 
graphite wall-thickness to metal wall-thickness 
ratio never greater than one, reduction in inside 
diameter accounts for approximately 85 per cent 
of the interference fit. 

Metal-backed bearings are more rugged and will 
withstand much more abusive handling than un- 
protected bearings. This type of bearing is manu- 
factured to specifications for particular applica- 
tions, and any type metal for the backing can be 
used. 

Selection of a proper mating bearing material is 
important. Hard mating materials generally give 
the lowest friction and longest service life. Certain 
applications require specific properties, and in many 
installations shaft hardness has to be sacrificed to 
obtain corrosion resistance. For use in corrosive 
media, the mating material must be highly corro- 
sion-resistant, since a rough corroded shaft will 
cause wear. Stainless steels such as the 18-8 type 
are excellent and will usually provide a smooth, 
clean mating surface. Although softer materials 
are not as desirable, they are entirely satisfactory 
for most applications; many are compatible with 
carbon-graphite and can be used on chemical ap- 
plications. Other materials such as cast iron, Ni- 
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tralloy, hardened steel, and hard chrome plate are 
also recommended mating materials. 

A PV value of 15,000 is used as a critical point 
to evaluate loads and speeds for nonlubricated 
bearings, while a PV value of 150,000 is used for 
lubricated applications. This value is the product 
of the unit loading of the projected area in psi 
and the peripheral speed of the shaft in fpm. A 
length of 1144 times the diameter is generally opti- 
mum, but this rule is not rigid and the application 
and installation will determine the necessary 
length. 

Amazingly low coefficients of friction have been 
recorded on tests using water as the lubricant. 
Tapered-land thrust bearings with an outside di- 
ameter of 234 inches operating at speeds up to 3450 
rpm and loads of 110 psi operate with coefficients 
of friction as low as 0.002. This kind of perform- 
ance can be expected when operating conditions 
permit hydrodynamic lubrication to support the 
load. With lubricants such as water, having very 
low film strength, little friction is created if the 
loading is such that it does not collapse the film. 

Friction for dry, nonlubricated operation is some- 
what higher. The exact value depends on many 
contributing factors such as load, speed, journal 
material and finish, running clearance, alignment, 
etc. Generally speaking, nonlubricated applica- 
tions should be of low-speed or lightly loaded 
types; however, some installations have given 
amazing results operating under very severe con- 
ditions. Carbon-graphite compositions are hygro- 
scopic; they will absorb moisture from the air to 
serve as lubrication and cut down friction. 

On a water-submersed motor application, two 
radial bearings and a thrust bearing plate of car- 
bon-graphite were required to last for a minimum 
of 10,000 hours. Actual field experience shows lit- 
tle, if any, wear and the motor operates with lower 
friction than a similar unit with antifriction, oil- 
lubricated bearings. 
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CONTEMPORARY DESIGN 


Regenerative 


Transmission 


Steers Tractor 


NEW type of regenerative 

transmission for four-wheel 

tractors manufactured by Gates & 

Hardy Ltd., London, permits power 

to be applied to all four wheels, 

and steering to be accomplished by 

changing relative velocities and 

torques of the wheels on opposite sides of the vehicle. Although turns are 

similar to those of a crawler tractor, except that the inner wheels (or tread 

sprockets if adapted) are not braked. In conventional steering, with a differ- 

ential, extra power must be supplied by the engine for the same mean vehicle 

speed because of the increased overall gear ratio when inner wheels are slowed 

down. With the Regenomatic transmission, the “braking” power for the inner 

wheels is transformed into driving power on the outer wheels to help turn the 
vehicle. 


Transmission Proper consists of two 
shafts; the main shaft being broken 
by two clutches which are normally en- 
gaged by spring or, in the case of large 
transmissions, by oil pressure. This 
shaft is driven from the engine shaft 
through the gear-changing mechanism 
which gives four speeds forward and four 
reverse with two neutrals. The lower 
shaft contains a differential, the cage of 
which can be coupled to the drive shaft 
through a steering clutch, normally dis- 
engaged. For straight-line motion, both 
main clutches are engaged and the steer- 
ing clutch is disengaged; wheels or 
tracks on each side are thus driven at 
equal speeds. For a turn to the left 
(front of vehicle at bottom of diagram), 
the right-hand main clutch is disengaged 
and the steering clutch progressively en- 
gaged. Power to the outer wheel con- 
tinues uninterrupted and the final drive 
gear on this side drives the shaft to the 
differential. As the steering clutch is 
engaged, differential-gear cage speed is 
reduced to that of the main shaft, fur- 
ther reducing the speed of the steering 
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pinion on the inside wheel. Thus, the 
inner wheels or tracks slow down and the 
machine turns in the desired direction. 


Negative braking effort on the slowed- 
down side of the vehicle is completely 
transferred to active propulsive effort on 
the faster moving side. In turns of less 
than 2 radians (90 per cent of all steer- 
ing) the engine is not called upon to sup- 
ply any extra power for turning. For a 
theoretical turn of the inner wheels of 
one track width, the inner wheels must 
be braked and thus produce a torque of 
—T at a velocity of V/2. This braking 
effort must pass to the inside bevel gear 
of the differential; the steering clutch 
coupled to the main clutch line imposes 
a reaction on this drive which is balanced by the 
torque it introduces into the differential cage. Be- 
cause of the reversal effect of the differential, the 
minus (braking) torque is transformed to a plus 
(driving) torque, and reaches the driving side as 
a torque of 7/2 at a velocity of V. Demand on 
the engine is thus reduced from TV in the case of 
a braked turn to TV/2. 

Several other advantages are evident. Since 
steering pinions are always smaller than the main 






[DESIGNED for easy transportation to 

comply with state highway regulations 
without dismantling and reassembly, a new 1- 
yard shovel-crane developed by Link-Belt 
Speeder Corp. incorporates a power hydraulic 
control system. All clutches of the new 
LS-98 are hydraulically operated, and the 
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Shovel-Crane Uses Power Hydraulic Controls 




































































pinions, an extra low gear is available by disen- 
gaging both main clutches and engaging the steer- 
ing clutch. If all three clutches are engaged, the 
entire mechanism is locked and becomes, in effect, 
a parking brake. If the cage of the differential 
is fitted with a brake, and this is actuated instead 
of the steering clutch, a true spin turn results, in 
which one set of tracks or wheels is driven for- 
ward and the other set runs backward at equal 
speeds. 


new clutches are said to be self-adjusting for 
temperature changes and normal lining wear. 
Power load-lowering reversing clutches are 
available for either or both front and rear 
drums. Digging brakes, as well as all travel- 
ing, steering.and digging functions, are con- 
trolled from the operator’s position. 
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abate west magnetic particle clutch- 
es drive the recording pens in an 

ink-writing recording milliammeter 

developed by Texas Instruments Inc. signals 

Using standard curvilinear chart pa- Magnetic fluid clutches 


per, the recorder features two inde- ‘ 
pendent channels and four drive Two magnetic fluid clutches, with outer clutch 


speeds. bodies geared together, rotate in opposite direc- 
tions. Deflection of the linked output mechan- 
ism is the resultant of developed torque of both 
clutches. Clutch signal coils are connected in 
series with polarity reversed. 





Output shoft 
. Clutch body is rotated by means of a base- 
mounted spur gear. Input signal is applied by 
earbon brushes to solid silver slip rings at the 
top. Changes in magnetic flux from the signal 
coil through the working gap change the viscos- 
-tty~of- the magnetic fluid (essentially an iron 
powder mixed with oil), thus altering the drag 
on the torque cup and 
its output shaft. A 
bias is applied to the 
clutch with Alnico 
permanent clutch 
magnets to produce a 
: = linear change in out- 
MoT = of put torque and to 
— keep the iron parti- aes 
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Movement responds linearly to input signals from 10 to 500 
microamperes with a nominally developed torque of 0.125-ounce- 
inches per 100 microamperes. Deflection sensitivity is 6 degrees 
per 100 microamps, but may be changed by a different load spring 
rate. Clutches are biased with two permanent magnets each, ad- 
justably mounted on the movement frame. 
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Stress Analysis in De 


Part 4— How to Approach the Problem 


By J. B. Hartman and R. E. Benner 


Department of Mechanical Engineering 


Lehigh University 
Bethlehem, Pa. 


NE IMPORTANT problem attending the de- 

velopment of an original design is the selec- 

tion of an economical procedure whereby a 
given member can be developed so that it will have 
sufficient strength at every point but will be no 
stronger at any point than is considered necessary 
or desirable. The procedure selected will usually 
involve paper and pencil methods of stress analysis 
to secure some initial development. Further de- 
velopment, if needed, may be obtained by proced- 
ures involving paper and pencil and/or experi- 
mental stress analysis, or possibly no stress analy- 
sis at all. This article is devoted to a description 
of common procedures used te develop a machine 
part for proper strength together with some fac- 
tors which influence the choice of an economical 
procedure. Because the methods of stress analysis 
are usually an important part of a development 
program, factors which influence the choice of a 
method of stress analysis will be an inherent part 
of the discussion. 


Initial 
Development 














One outstanding value of paper and pencil stress 
analysis methods is that they afford the only means 
of investigating mechanical strength prior to fabri- 
cation of the first part or model and therefore af- 
ford the only reasonable means whereby strength 
may be investigated in the initial stages of an 
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original design. Experimental development pro- 
cedures are useless per se at this time because 
there exists nothing upon which to experiment. If 
the new design were merely a modification of some 
part of an existing machine, experimental methods 
could possibly be used immediately, but to attempt 
fabrication and testing of a new machine without 
at least a rough paper and pencil development is a 
most impractical approach. When the proportions 
of new machine members are first being developed, 
a detailed investigation of strength should be 
avoided. Obviously critical sections of each mem- 
ber should be analyzed only to the extent that no 
design will be grossly misrepresented. There are 
several reasons for this procedure: 

1. Design requirements other than strength need 
often be based on only approximate sizes. Shape, 
size, material and processing which describe a ma- 
chine member must be suited to the functional, en- 
vironmental (space, loading, etc.) and fabrication- 
al requirements. Each of the latter factors may in- 
fluence one or more of the former specifications so 
that due to this often complex interdependence, not 
all requirements are likely to be satisfied in the 
initial attempts. Until other design requirements 
have been satisfied, a detailed stress analysis 
should be avoided since it may be wasted if changes 
are made. 

2. A rough but comprehensive picture of an as- 
sembly or an entire machine often can be developed 
from approximate sizes. Such information may 
provide a basis upon which to decide the future 
disposition of the project. In general, it is good 
policy to maintain all load-carrying members at 
the same level of development whenever possible 
because of the structural influence of one com- 
ponent upon another. Premature refinement of 
only certain components leaving other equally im- 
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portant members in a rudimentary stage may ren- 
der the detailed analysis useless if changes must 
be made. 

3. More than one design for a given application 
might desirably be investigated so that the one 
which represents the best combination of features 
may be chosen. If an unnecessarily complex stress 
analysis is made for each design, then the analysis 
of those eventually rejected would represent wasted 
time, money and effort. 

The elementary formulas of strength of mate- 
rials and possibly certain empirical relations are 
of value in developing initial designs. For simple 
shapes, these formulas can often be solved ex- 
plicitly for an important dimension (such as di- 
ameter) but in any event they are simple to apply 
and are adequate for the analysis of many shapes 
and load combinations. They are often used in 
cases more complex than those for which they were 
developed and while admittedly in error, the re- 
sults may have value at least in indicating proper 
orders of magnitude. The designer should use his 
knowledge of and experience with past designs to 
modify the results obtained from an inexact an- 
alysis. Data compiled from past design procedures 
and from experimental analysis of similar existing 
machines or components may facilitate making 
more reasonable assumptions and decisions in the 
early stages of design, thereby reducing the extent 


Stress Analysis in 


..- how load capacity of a steel 
casting was more than doubled— 
with 5 per cent less weight 


This case study, supplied by Robert 
J. Franck, Superior Steel and Malle- 
able Castings Co., Benton Harbor, 
Mich., exemplifies a rational ap- 
proach to design refinement via ex- 
perimental stress analysis. As origi- 
nally designed, the component—a 
60-pound truck-spring lockout beam 
—failed in service due to tensile 
stresses despite apparently enough 
material in the critical regions. 


and number of revisions required in more advanced 
phases of development. 


Refinement 














The ideal machine member is one which has 
sufficient strength at every point but is no stronger 
at any point than necessary to withstand the ap- 
plied load. The ideal is usually approached by a 
process of refinement in the design. Although 
simpler members may receive sufficient refinement 
from the elementary analysis used in the initial 
development phase of design, more complex parts 
will require further attention. Refinement may be 
obtained by using experimental testing techniques, 
which may or may not involve theoretical or ex- 
perimental stress analysis, or refinement can be ob- 
tained by use of extended paper and pencil meth- 
ods alone. If further refinement is to be obtained 
by the methods of theoretical and/or experimental 
stress analysis, then the greater the refinement de- 
sired, the more nearly the methods of stress analy- 


Action 
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sis must indicate the true strength of the member. 
This means possible attention to complex states of 
stress, residual stress, stress concentration, dy- 
namic effects, inelastic effects and all such influ- 
ences which determine the true stress within a 
member. It also requires choosing the proper 
mode and theory of failure which together with 
consideration of the effects of environment and 
time, determine the maximum stress the material 
can withstand. Finally, in order to refine a mem- 
ber, attention must be focused on several portions 
of the member to insure that the requisite amount 
of material is provided. Before deciding which 
procedure to use in refining a part, it should first 
be decided whether or not refinement is necessary 
and if so the extent to which it must be carried. 
One reason why refinement of a machine part 
may be required is to obtain a greater degree of 
certainty regarding the safety of the design. There 
are persuasive reasons why failure of machine 
parts in the field cannot be tolerated. Most serious 
of these are human injuries and property damage, 
and attendant liability, resulting from an unsafe 
product. Much money is lost each year in settling 
lawsuits and claims brought about by such failures. 
Another serious consideration is that failures will 
impair the manufacturer’s reputation. Designs in- 
volving considerable risk require that the designer 
be certain that his design is safe. The following 








With this test setup, the service loading of the 


beam could be simulated and observations of 
strain made with both brittle lacquer and elec- 
tric resisfance strain gages (SR-4) 
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considerations may aid the designer in judging 
what confidence he may place in the strength of his 
design and whether or not further refinement is 
necessary to insure sufficient strength: 

1. Comparison with similar satisfactory designs 
of the past. 

2. Reliability of procedures used thus far. Of the 
various procedures for developing a machine com- 
ponent, those involving tests under actual or sim- 
ulated service conditions can provide a high degree 
of reliability. Procedures which do not involve 
these tests may be less reliable. The reliability of 
the methods of stress analysis has been discussed 
previously and some discussion of testing proced- 
ures will follow. 

3. Factor of safety allowed for unknowns and 
omissions in the development procedure. A factor 
of safety is selected to provide for variations in 
material properties (from specifications or with 
time and environment) and for erroneous assump- 
tions (particularly loading) and omissions (such 
as residual stress) in a stress analysis all of which 
lead to the incorrect evaluation of a member’s 
ability to withstand service loading without failure. 
A factor of safety can be chosen realistically to 
provide for variations in materials (provided suf- 





Brittle-lacquer analysis showed the ribs and the %-inch 
hole to be stress raisers. (Ribs were originally specified 
to resist loading applied on assembly by the U-bolts.) 
Pattern indicated applied load of 6709 pounds pro- 
duced apparent tensile stress of 24,000 psi. Rating of 
the steel was 40,000 psi yield strength and 65,000 psi 
tensile strength. Therefore, yielding of the becm would 
likely start at a load of 6709 (40,0C0/24,000) = 11,200 
pounds and failure at 6709 (65,000/24,000) = 18,150 
pounds, which fall far short of the intended load rat- 








ficient data exist) but there is no rational method 
for choosing a factor of safety to provide for the 
unknowns and omissions in a stress analysis unless 
some correlation exists between the present design 
and similar ones which proved successful in the 
past. Experience and judgment are important as- 
sets when the factor of safety is selected. The 
more unknowns and omissions covered by the fac- 
tor of safety, the less reliable the design is likely 
to be. Greater refinement will provide greater 
reliability. 

4. Possible sources of trouble given adequate at- 
tention. Failures often result from overlooking or 
giving insufficient attention to weak spots caused 
by stress concentration, residual stress, etc. Also 
it is important to remember that most failures oc- 
curring in the field result from fatigue, impact or 
creep phenomena. Refinement of a member in- 
cludes searching out all the possible weak spots so 
that all portions of the member can be made 
equally strong. 

Another reason why refinement of a machine 
member may be undertaken is to limit the excess 
material associated with an extra strong member 
to a more desirable or necessary maximum. Suf- 
ficient strength can be obtained upon the basis of 
an inadequate analysis merely by selecting a suffi- 
ciently high factor of safety. The difficulty with 


this approach is that extra material accompanying 
an overdesigned (extra-strong) member sometimes 
cannot or will not be tolerated. An airplane struc- 
ture, for example, cannot be designed with a com- 
fortably high factor of safety because excessive 
weight reduces pay load and hinders performance. 
As a result the aircraft designer utilizes a highly 
refined design procedure for insuring a high but 
safe static strength to weight ratio for his struc- 
tures and is currently seeking (along with others) 
an equally refined and effective approach to dy- 
namic loading. 

In addition to strength-weight limitations on 
overdesign, merely weight alone may be undesir- 
able, particularly in high-speed machinery where 
excessive weight in moving parts leads to higher 
inertia and dynamic loads. Space limitations may 
make the increased size and bulkiness of an over- 
designed member undesirable. Overdesign also 
leads to uneconomical use of material; increased 
fabrication costs; increased handling costs in the 
form of freight charges, plant space and produc- 
tion flow; and may result in designs of less sales 
appeal on a competitive market because of greater 
bulkiness and weight. Upon occasion, however, 
the more refined product has suffered simply be- 
cause it did not “look” strong enough to the cus- 
tomer. 


Because the ribs were stress raisers as well as 
points of some difficulty in foundry operations, 
they were machined away and a strain gage 
analysis conducted. The test showed the stress 








distribution was somewhat improved and the load 

capacity of the beam was essentially unaltered. 

. With the ribs proved unnecessary) actual rede- 
sign could now proceed ; 


This is the redesigned casting. Besides removal 
of the ribs, changes included (1) thickening of 
bottom tension member from 14-inch to 1% inches, 
with a tapering down to %-inch at the ends; (2) 
reduction in width of top compression member, 
except in region of U-bolts; (3) increasing of web 
section around the %-inch hole from ¥%-inch to 1% 
inches, with the increased section blended back 
into the %-inch web 
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Compared with the foregoing arguments, there 
are certain economic factors which tend to make 
overdesign appealing and which limit the refine- 
ment of a machine member. These factors are: 


1. Money available: More expense is incurred by 
using procedures capable of greater refinement. 

2. Talent available: Outside talent may be re- 
quired for extensive theoretical or experimen- 
tal analysis. 

3. Time available: The necessity or desire to get 
a product on the market and an early return 
on the investment will reduce the time de- 
voted to refined development. 

4. Quantity produced: Large quantity production 
will more likely absorb the cost of extensive re- 
finement whereas small quantities would per- 
haps warrant refinement of only certain criti- 
cal members. 


These factors may make the institution of a de- 
velopment procedure economically undesirable from 
the standpoint of the design at hand, but the possi- 
bility of future use should not be overlooked. An 
analysis too refined to be economical for one design 
may be economical from the long range point of 
view. 

Any of the factors mentioned may be decisive in 
extending or limiting refinement, or it may be nec- 
essary to weigh each of the factors in order to ar- 
rive at a reasonable decision. 


Stresscoat analysis of the redesign 
showed, for a load of 6709 pounds, 
apparent tensile stress of 10,500 psi, 
a substantial reduction from the orig- 
inal of 24,000 psi. At 8946 pounds, 
the pattern had spread out along the 
bottom member, indicating favorable 
distribution. of “stress, although highest 
stress was still evident near the %- 
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Planning a 
Development Procedure 











An objective of any development procedure is 
to obtain the required degree of refinement as eco- 
nomically as possible. A satisfactory development 
procedure may consist of merely the elementary 
analysis utilized in the initial development or may 
consist of a combination of paper and pencil and 
experimental methods of stress analysis together 
with various tests. Any method proposed for in- 
clusion in a development procedure must be re- 
viewed to insure that the required results can be 
obtained. The possibilities and limitations of the 
experimental and paper and pencil methods dis- 
cussed previously will be of use in this regard. 
The proposed method must then be evaluated in 
regard to the mentioned economic considerations. 
The method finally chosen should be the one which 


Strain gage analysis in the region of the hole 
showed stress reductions ranging from 42 to 58 per | 
cent, as compared with observations made on the 
original design with the ribs machined off. On 


"the basis of the highest observed stress, load capa- 


city at yielding was computed to be 25,900 pounds, 
and at failure, 42,500 pounds—now more than twice 
the service rating of 20,000 pounds. Weiahf was 
reduced by 3 pounds and producibility was improved 
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most nearly satisfies the objective. Because the 
procedure used to develop a machine part will de- 
pend upon the particular member itself, no general 
procedure can be given. Certain aspects which may 
or may not recommend various methods of analysis 
or testing, together with probable contributions re- 
sulting from their inclusion in a development pro- 
cedure, will be indicated. 


Paper and Pencil Methods: Because paper and 
pencil methods require no expensive equipment, 
they have an initial economic advantage over ex- 
perimental methods. Detailed searches and investi- 
gations can take considerable time, however, which 
will contribute to costs. An advantage of theoret- 
ical or empirical methods is that once they are 
proved reliable, they can be used for future designs 
whereas experimental data generally apply only to 
the particular member at hand. 

In general, it would prove most economical to 
use theoretical methods as long as they are re- 
liable enough to give the requisite degree of re- 
finement. Unfortunately most theoretical develop- 
ment has been restricted to static loading, both in 
the evaluation of stress and in the theories of fail- 
ure. Although static strength is necessary, it is 
not sufficient to insure strength under conditions 
of dynamic loading. Also it is relatively simple to 
subject each production model to static overload. 
Both these factors — reasonably adequate theory 
and relatively simple static tests — account for the 
rarity of field failures due to static loading. Most 
failures can be attributed to fatigue, impact, or 
creep. Although considerably more is to be ex- 
pected from theoretical analysis for static rather 
than dynamic loading, those methods available and 
under investigation for analyzing the latter should 
not be ignored. Experimental methods should be 
considered after it has been decided that paper and 
pencil methods are not reliable enough to give the 
desired refinement. 


Theoretical Aids to Experimental Development: 
Data must be analyzed and interpreted if they are 
to be useful in properly modifying a machine mem- 
ber. Theoretical methods are employed both for 
analysis (strain rosette and stress-strain relation- 
ships, for example) and for interpreting experi- 
mental data. As an example of the latter applica- 
tion of theory, consider that a state of stress has 
been determined based upon experimental strain 
gage measurements. The significance of this ‘‘meas- 
ured” stress state must still be referred to some 
criterion of failure before the strength of the mem- 
ber can be appreciated. This criterion might be one 
of the theories of failure. (It also might be empir- 
ical failure data such as represented by S-N curves 
in the case of fatigue, or allowable load tabulations 
for complicated panels, etc.) There is little ex- 
perimental work which does not involve some the- 
oretical aspects of a qualitative and usually of a 
quantitative nature as well. In addition to the 
analysis and interpretation of experimental data, 


1. Theoretical analysis is required in developing 
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a reasonable experimental prototype. The re- 
finement obtained in this development will in- 
fluence the necessity for or the extent of future 
experimental modification. 

2. Once experimental data have been analyzed and 
interpreted, theoretical methods may be of con- 
siderable use in redesigning a faulty member. 

3. Theoretical knowledge (or rather knowledge of 
the shortcomings of theory which is equally 
important) helps the designer determine which 
members will require experimental development 
due to inadequate theory. 

4. Theory aids the designer in predicting prob- 
able weak spots and modes of failure thereby 
insuring that the proper test is made and suit- 
able data taken. 


In general it may be stated that a theoretical 
foundation must direct and organize any experi- 
mental program for the most beneficial and eco- 
nomical results. 


Experimental Methods: A suitable means for 
testing the prototype is essential to any experi- 
mental development program. “Component test- 
ing” is the name given to one method in which a 
member or an assembly of components is tested un- 
der actual or simulated service conditions possibly 
during or before construction of the entire machine. 
The most probable difficulty in component testing is 
the duplication of service environment during the 
test. It is particularly important that the loading 
in the test be the same as that encountered by the 
component under actual operating conditions. Often 
the service loads are not known with sufficient ac- 
curacy or are extremely difficult and costly to du- 
plicate. Such a situation exists in the case of the 
random loads contributing to cumulative fatigue, 
for example. One precaution which should always 
be observed in any experimental development pro- 
gram is to avoid accepting static or short-term test 
results as adequate indications of strength when 
fatigue may be the controlling mode of failure. 
Fatigue tests may be properly scheduled as part 
of an experimental development procedure. 

“Life testing’? provides another kind of experi- 
mental test. In this method, the machine is actual- 
ly constructed and tested under actual or simulated 
service conditions. Any members which fail may 
be investigated and modified until a satisfactory 
component is obtained. This method of develop- 
ment is likely to be uneconomical and hence can be 
justified only if large scale production is antici- 
pated. If a suitable component test is possible, it 
could normally be expected to provide results more 
economically than the life test. 

By means of component or life tests, it can be 
determined whether or not a member has been 
properly designed. If a member fractures or 
buckles, it obviously was faulty. Other modes of 
failure such as excessive elastic deflection or plastic 
deformation may not be as apparent and may re- 
quire use of experimental stress analysis techniques 
for their detection. Without the aid of experi- 
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mental stress analysis it would be difficult to locate 
over-designed components. Once failure or over- 
design has been discovered, means for modifying 
the improperly designed part must be considered. 

One method of modifying weak members is sim- 
ply to make them heavier in the regions of failure, 
test them again, and if they do not fail consider the 
program a success. Although this is not a rational 
nor elegant procedure it can frequently produce 
a safe member. Valid objections to the method 
lie in the facts that aside from discovering the 
mode of failure not much has been contributed 
toward improving an obviously deficient develop- 
ment procedure preceding the test; and, if fatigue 
is the cause of failure, this trial and error method 
may require too much time before results are ob- 
tained. Sometimes, too, a stronger member may 
be produced by the removal of material, a result 
not likely to be realized by any rough-and-ready 
procedures. 

A more rational method of modifying parts is 
to secure data by the methods of experimental 
stress analysis which will lead to more logical mod- 
ifications. For purposes of development, experi- 
mental stress analysis methods may be thought of 
as contributing significant data which when proper- 
ly analyzed and interpreted by theoretical methods, 
may be useful in discovering and properly modify- 
ing not only weak members but also overdesigned 
components. It also may be used to advantage in 
investigating members which perform satisfactorily 
in order to verify theoretical techniques. Brittle 
lacquers applied to a suspected member will un- 
cover the weak or strong regions after which gages 
may be used to measure the strains. These meth- 
ods are relatively simple to use and are well adapt- 
ed for use on the testing floor. If sufficient or reli- 
able data cannot be obtained by these methods, 
then X-ray, photoelasticity, or analogy methods, 
which are most commonly found in the research 
laboratory may provide suitable information. In 
planning an experimental program, the possibilities 
and limitations of each method (such as discussed 
in part 3 of this series) must be recognized so that 
the proper data will be secured in the least time. 

Component and life tests become expensive meth- 
ods of development because they require fabrication 
of test pieces, possibly construction of loading de- 
vices, and instrumentation for making measure- 
ments together with the time and talent needed to 
carry out the test program. They can provide a 
high degree of assurance against failure for impor- 
tant members whose failure involves considerable 
risk and whose development is too complex to be 
reliably treated by theory alone. These methods 
also provide excellent means for refining a design 
whenever quantity production justifies the expense. 

In planning an experimental program, the pos- 
sible contributions an experimental investigation 
can make to paper and pencil methods should not 
be overlooked. Once a reliable theory exists to 
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analyze a particular problem, there is no more need 
for experimental investigation of that problem. 
Possible contributions include: 


1. Verification of theoretical assumptions or pro- 
cedures. Experimental analysis of a member 
performing satisfactorily in service may justify 
use of the pertinent theoretical procedure in the 
future. 

. Exposure of weak and over-designed members. 
Such discoveries may lead to modification of 
theoretical assumptions and methods. 

. Provide data for a reliable theoretical analysis. 
Such pertinent information as service loads, 
stress concentrations, and residual stresses may 
be investigated experimentally and tabulated 
for future theoretical use. 

. Provide data upon which to base an empirical 
procedure (where no rational method exists). 


Service Test: The most certain way of prevent- 
ing failures in the field is to build one or several 
of the new machines before any are sold and sub- 
ject them to actual or simulated service conditions 
for a period of time equivalent to their life span if 
possible. Tae latter stipulation is included to pre- 
vent acceptance of static or short term test results 
as indications of strength when fatigue or creep 
may be the controlling mode of failure. Such a 
test is called a “service” test to distinguish it from 
the life test whose primary purpose is development. 
The purpose of a service test is to verify that each 
component of the machine has sufficient strength 
and in fact all other properties necessary to insure 
proper performance in service. This test should be 
made on any new or modified product whenever 
possible in recognition of the fact that both the 
methods of development and the designer are fal- 
lible. Small quantity production, particularly of 
large machinery, may preclude a service test. 

Although a service test is made to uncover 
weak members, failures and the engendered modi- 
fications at this stage of development are most 
undesirable because of economical aspects. Chang- 
es are likely to be extremely costly, particularly 
if modification of one part enforces modification 
of adjoining parts due to space, functional or load- 
ing considerations. If unforeseen changes are 
made, tools, dies, fixtures and other production 
equipment may have to be modified or even 
scrapped because these items are often made from 
the blueprint before any testing is done. In fact, 
the first production units often serve as test speci- 
mens. To management, modification means addi- 
tional capital and overhead expense and a longer 
time before the investment is recovered. 
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APPLYING 
ECCENTRIC 
GEARING 


... to meet unconventional linear 








and angular motion requirements 
with 





London, England 


RINCIPLES and design of eccentric gear mech- 
Panisms have been treated in detail in a previ- 

ous article. Consisting of circular spur gears 
mounted on eccentric axes, these mechanisms pro- 
vide a convenient and practical method for produc- 
ing a wide variety of nonuniform angular motions. 
Noncircular gears, linkage systems or other devices 
will usually give equivalent results, but, in many 
instances, the use of some form of eccentric gearing 





1References are tabulated at end of article. 


By Paul Grodzinski 





standard mechanisms 






offers definite advantages, not the least of which 
are low cost and, often, simplicity. 

In this article, attention will be devoted to some 
of the more important applications, both tried and 


possible, of these useful devices, Methods of adapt- 
ing eccentric gearing to standard mechanisms toc 
meet specific motion requirements will be demon- 
strated and analyzed. 


Cross-Slide Mechanism: For conversion of rotary 

















A : Fig. 1—Cross-slide mech- 
alien anism driven by triple ec- 
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i for analysis of 
Side velocities is shown 
at b 




























Fig. 2—Slider-crank mech- 
anism driven by triple ec- 
centric-gear train, 4, show- 
ing effect of 90-degree shift 
in slide position or crank 
phase angle. Vector con- 
struction for analysis of 
crank and slider velocities 
is shown at 6 














Fig. 3—Angular velocity diagram of crank and , — 
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Fig. 5 — Velocity-dis- 
placement pattern of 
slider for mechanism 
of Fig. 2 with slide 
along the axis of the 
gear train. Crank vel- 
ocities are as Shown in 
Fig. 4 


















into reciprocating linear motion, the cross-slide 
driven by a triple eccentric-gear train, Fig. 1, offers 
a simple but effective combination. At an eccen- 
tricity of 0.1R, where R is the radius of each gear 
in the train, results closely approximating those ob- 
tained with noncircular gear arrangements are pos- 
sible. Equivalent performance could also be 
achieved by another form of eccentric gearing, the 
reverting gear train,' which offers the advantages 
of a more compact arrangement. 

A useful graphical construction for analysis of 
sliding velocities is shown in Fig. 1b. Crank ve- 
locity may be determined from V = Tw, where V is 
the velocity, r is the crank radius and » is the in- 
stantaneous angular velocity of the driven gear. 

Because of the close similarity in performance of 
the cross-slide and slider-crank mechanisms, differ- 
ing only by the effect of the finite length of coupler 
rod, many of the considerations applying to one are 
equally applicable to the other. For purposes of 
analysis, the slider-crank appears to be more repre- 
sentative of the general case and will be examined 
in detail. 


Slider-Crank Mechanism: A triple eccentric-gear 
train driving a slider-crank and the corresponding 
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graphical velocity construction are shown in Fig. 2. 
An eccentricity of 0.1R for each gear is assumed 
and the ratio of crank radius to rod length is r/l = 
1/3 throughout. 

In contrast to the cross-slide mechanism, velocity 
diagrams of the slider will be slightly asymmetrical 
due to the effect of the finite length of the coupler 
rod. However, modification of the velocity-dis- 
placement characteristics of the slider can be ob- 
tained by (1) shifting the line of action of the 
slider angularly in relation to the center line of 
the eccentric gear train or (2) changing the posi- 
tion of the crank with respect to the eccentric axis 
of the driven gear. These effects are demonstrated 
in Fig. 2a. As indicated by the dotted lines, for a 
given position of the gear set, rotation of the crank 
through an angle of 90 degrees has the same effect 
as rotation of the line of action of the slider 
through the same angle in the opposite direction. 

Both of the foregoing principles, separately or 
in combination, can be used to advantage in design. 
For example, the most suitable velocity-displace- 
ment relationship may be “selected” by positioning 
the slider line of action or a closer regulation of 
slider action may be provided by adjustment of the 
crank phase angle. The equivalent effects of these 
adjustments for the cross-slide mechanism are 
shown in Fig. la. In the following discussion only 
the slide adjustment is considered. 

Polar diagrams of angular position versus angu- 
lar velocity for the crank and velocity-displacement 
relationships for a slider operating at 90 degrees to 
the centerline of the gear set are shown for a two- 
gear train in Fig. 3 and for a three-gear train in 
Fig. 4. In each case, the polar diagram of angular 
crank velocity is symmetrical about the center line 
of the gear set but nonsymmetrical about a line at 
right angles. Thus, if a slow approach and quick 
return are required, the slide line of action should 
be as shown. If equal speeds for approach and re- 
turn are desired, the line of action should lie along 
the centerline of the gear set, Fig. 5. 

In Fig. 3, the relationships shown are based on 
an eccentricity of 0.1R, and in position 3, the ec- 














Fig. 7—Conventional four-bar ines ee 4, iad modified eccentric gear ar- 
t, b, for a weaver loom drive. oo or pg 
illustrates improved lift action of redesign, 6 
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centric axis of the driven gear lies along the center 
line of the gear set. As indicated by the velocity 
diagram, slider velocity in one direction is essen- 
tially the same as that for a uniform crank rota- 
tion while in the opposite direction a velocity in- 
crease of about 1.5 times is obtained. 

The increased velocity variability afforded by the 
triple eccentric-gear train is clearly indicated in 
Figs. 4 and 5. For the slide position of Fig. 4, the 
velocities in the two stroke directions as compared 
to a uniform velocity crank drive would be in the 
ratios of 1/1.2 and 1.87/1. For the slide position 
of Fig. 5, velocity variations would be equivalent 
for both stroke directions. Starting velocity would 
be slow, accelerating to a maximum value near the 
end of the stroke, with a rapid deceleration at the 
end position. At a displacement of 0.9 of full 
stroke, the ratio of the velocity reached to that of 
a uniform velocity crank drive for the same slider 
position would be about 1.6/1. 

Modifications of the arrangement of Fig. 2 can 
also be used to advantage in meeting specific prob- 
lem requirements. By providing an additional gear 
reduction of 2/1 between the crank and the driven 
gear, a constant velocity slider motion in both 
stroke directions can be obtained. This mechanism 
can also be used with a cross-slide for the same re- 
sults. Details of the mechanism have been de- 
scribed in another article.” 


Special Mechanisms: Instead of linear sliding mo- 
tion, a swinging arc movement can be developed by 
connecting the coupler rod to a fixed link, Fig. 6. 
Both uniform and varying velocity reciprocating 


Table 1—Comparison of Weaver Loom Drives 








Drive Shuttle Movement Lift/Total Lifi 
(degrees) 
Conventional four-bar linkage..... 120 0.21 
Double eccentric gear 
Standard crank position ........ 120 0.163 
Crank advanced 60 deg ......... 103 0.148 
Crank advanced 120 deg ........ 90 0.116 


motions along an arc can be obtained with this 
mechanism. 

Cam mechanisms offer another area in which the 
adaptation of some form of eccentric gearing may 
be beneficial. Extension of dwell positions or re- 
duction of speeds in passing cam ramps are typical 
possibilities which can lead to improved cam per- 
formance. 

For all of the standard mechanisms discussed, 
other forms of eccentric gearing’ also offer a num- 
ber of possibilities. The reverting gear train pre- 
viously mentioned is a typical example. Addition- 
ally, investigations with an experimental mechan- 
ism have shown that eccentricities up to 0.2R are 
permissible with carefully designed gears. This 
would act to increase the velocity variability of 
the double-gear train, extending its usefulness to a 
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ECCENTRIC GEARING 


number of applications previously considered im- 
practical. 


Recent Developments: A practical application of 
eccentric gearing to a recently developed drive for 
a weaver loom is shown in Fig. 7. Replacing a 
conventional four-bar linkage arrangement, Fig. 7a, 
the new design incorporates a double eccentric-gear 
train, Fig. 7b. Facility of adjustment, a considera- 
tion of special importance in this case, as well as 
general performance characteristics have been im- 
proved by the redesign. 

A comparison of the characteristics of the two 
drives can be obtained from shuttle movement 
curves in Figs. 7a and b. For the conventional de- 
sign, Fig. 7a, a lift of 21 per cent of the total lift 
is obtained at the far end position during a shuttle 
movement of 120 degrees. In the new design, Fig. 
7b, use of the double eccentric-gear train (0.1R ec- 
centricity) permits the speed of the lay to be re- 
duced as the shuttle passes, decreasing the lift to 
about 12 per cent of total for a 120-degree move- 
ment and minimizing stresses in the warp threads. 
A further advantage is that changes in lift can be 
readily obtained by advancing the phase angle of 
the crank; shuttle movement is not hindered and 
the warp threads are opened quicker. Actual re- 
sults obtained with the new drive indicate that 
shuttle operating speeds can be increased 20 to 25 
per cent without increasing member stresses. Per- 
formance characteristics of the conventional and 
modified drives are compared in Table 1. 

The importance of gear mechanisms for produc- 
ing varying angular velocities in semiautomatic and 
automatic machines is apparent. For many of the 
problems encountered, the circular gear mounted 
eccentrically with its inherent simplicity may well 
prove to be an efficient solution. 
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Miniature Bearing Improves Balance 


CCURATE construction of a miniature ball 

bearing used as a cam follower in a Voland & 
Sons Inc. analytical balance is said to permit sen- 
sitivity in operation not previously available. Total 
indicator runout of the bearing is 0.0002-inch 
which permits the push rod on which the bearing 
is mounted to lift the balance beam only 0.001-inch 
from its knife-edge mounts. This small lift as- 
sures accurate alignment of the beam and knife 
edges when the beam is released. The bearing, 
manufactured by Miniature Precision Bearings 
Inc., has a major diameter of 0.250-inch and 


mounts on a 0.0791-inch shaft. 





Air-Hydraulic Press Has 


Double Pressure System 





| D atbemandntee 5 tons ram pressure when 

connected to a 100 psi air line, the new 
Model 500 Pnu-draulic bench press operates on a 
dual pressure system. The ram of the Alliance 
Mfg. Co. press is lowered and raised by relatively 
low air-line pressure, with high pressure kicking 
in only during the short distance necessary to 
perform the press operation. Weighing only 300 
pounds, the press can be attached to any shop 
air line, and is easily moved. Air consumption 
averages 1,-cubic foot per stroke, and stroke is 
adjustable from 0 to 3 inches. 


When the control valve is tripped, line air 
pressure is applied to the oil chamber 
above the press ram. Control valve spool 


CONTEMPORARY DESIGN 


is held in the up position by a latch. When the press ram nears the bottom 
of its stroke, a high-pressure pilot valve is opened, opening a booster valve and 
permitting line air pressure to be applied to the high-pressure piston. For the 
remainder of the stroke, the ram is actuated by straight hydraulic pressure 
developed by the high pressure piston. When maximum pressure is reached 
(ram is stopped). a check valve in the control valve lifts, and line pressure is 
applied to the top of a piston in the timing valve. In its bottom position, the 
timing piston trips the con- 
trol valve latch, allowing 
Air spring pressure to return the 
pb saecoudcatase es control valve spool to its ini- 
(— tial position. Air pressure 
Ram then returns the ram, high 
See pressure piston, booster valve 
spool and timing valve piston 
to their initial positions. One 
obvious advantage of the sys- 
filter tem is that, in case of a press 
jam which prevents the ram 
High- f from reaching its normal op- 
So cee Box Z erating position, the high 
- pressure operation is not in- 

itiated. 
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Designing Stable 
Polygon Cross-Sections for 


PRESSURIZED 


By B. Saelman 


Lockheed Aircraft Corp. 
Burbank, Calif. 


RESSURIZED structures are encountered in 

many areas of design engineering. For ex- 

ample, in aircraft, hydraulic reservoirs are 
often pressurized so that sufficient head will exist 
at the pumps at any altitude. Also fuel tanks 
must be designed to withstand fuel pressures, 
ram vent pressures and pressure differentials be- 
tween internal and external air pressure. In this 
area of design it is practically always necessary 
to determine the minimum weight structure pos- 
sessing proper strength requirements. Design tech- 
niques for minimizing weight of pressure vessels 
in all areas of machine design are quite important 
because additional or excess weight usually adds 
to the cost. This data sheet presents methods of 
determining optimum design in shape and weight 
of elementary and complex pressure vessels with 
polygon cross-sections. 


Weight and Shape Factors: Although the sphere 
is the minimum-weight pressurized structure for 
a given volume, this shape is seldom employed be- 
cause of clearances, available space, fabrication 
costs, etc. Therefore, flat-sided (polygon cross- 
sectioned) pressure vessels are sometimes used 











Fig. 1—Cross-section of 
flat-sided pressure vessel 
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where design situations warrant. However, care 
must be exercised in the selection of the cross- 
sect_onal shape of such structures. While a certain 
multisided vessel design might conveniently fit 
into an available space or cavity, the unit might 
tend to deform under pressure; thus weight would 
need be added in bracing the structure sufficiently 
for stabilization. 

If the flat-sided tank shown in cross-section in 
Fig. 1 is an unstable shape and the sides are free 
to pivot about their vertices, the tank will deform 
under pressure until it assumes maximum possible 
volume, neglecting the tendency of the sides to dia- 
phragm. This phenomenon occurs because of the 
fundamental equation EF = p (V2, —V) where £ is 
potential energy, p is internal vessel pressure, V is 
any volume enclosed by a particular vessel shape, 
and V,,,,, is the maximum volume that can be en- 
closed by this same vessel. Thus a pressure vessel 
with a polygon cross-section is stable when E is 
a minimum or when V = V,,,,. Therefore, when 
V + Ve, in Fig. 1, the vessel shape is unstable 
under pressure. Bending moments must be carried 
across the joints; tension ties, AC and AD, and/or 
corner reinforcements would be needed to prevent 
deformation. Thus, for given side lengths and se- 
quence, the cross-section enclosing maximum area 
is stable and weight would be saved with such a 
design since tension ties and/or corner reinforce- 
ments would not be needed. 


Stable Polygon Shapes: Those flat-sided struc- 
tures with symmetrical cross-sections such as equi- 
lateral triangles, squares, and all other equiangular, 
equilateral polygons which enclose maximum vol- 
ume are always stable. Of course, triangles are 
stable whether symmetrical or not. It is obvious 
in symmetrical polygons that the perpendicular 
bisectors of the sides intersect at a common point 
and the vertices are concyclic. It is also true that 
any nonsymmetrical polygon, with four or more 
sides, is stable and encloses maximum area when 
the perpendicular bisectors of the sides are concur- 
rent, which is a necessary and sufficient condition 
for the vertices to lie on a circle. 


Stable Polygon Design: Several methods of at- 
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Fig. 2—General quadrilateral cross-section 











tack including calculus can be employed to design 
stable polygon shapes for given side lengths and 
sequence. Usually direct construction techniques 
are unknown. However, trial and error procedures, 
either analytical or graphical, will often quickly 
lead to a stable shape solution. Trial and error 
approaches should make full use of the theorem 
that if the perpendicular bisectors of the sides of 
a polygon are concurrent, the vertices are concyclic. 

For any quadrilateral, Fig. 2, it can be shown 
that 


A = % (ad sin @ + be sin ¢) (1) 


where A is polygon area. This quadrilateral would 
be stable by finding A,,,,. It is known from differ- 
ential calculus that a function is maximized when 
values for the unknowns make the first derivative 
equal to zero and the second derivative equal to 


less than zero. In this case it can be shown that 
A = Ay , When 6 + @ = x radians. Since 


(BD)2 = a? + d? — 2 ad cos @ = b? + c? — 
2 be cos ¢ Ladies es te aot agic an 


substitution of ¢ = x — @ into Equation 2 and 
transposition of terms gives - 


a2 — b2 — c2 + ad? 


2 (ad + be), 





cos @ = 


or 


(4) 





e-—}-&§+ & ] 


@ = cos} | 
2 (ad + be) 


This value of 6 gives maximum polygon area and 
thus a stable design shape. A given value of @ 
automatically fixes figure shape since a four-sided 
polygon has only one degree of freedom. Inci- 
dentally, Equations 3 or 4 have real solutions for 
@ only when the value of the bracketed quantity in 
Equation 4 is between —1 and +1. Also area A 
of any quadrilateral is given by 





A = vy (s—a)(s—b) (s—c) (s—d) —abcd cos N (5) 


where s = 44(a+b+c+d) and N = % the sum of 
one pair of opposite angles. 

Concyclic quadrilaterals can also be constructed 
by a geometric approach when each side length is 
given by a method outlined in Fig. 3. While a 
direct construction is possible in the case of a quad- 
rilateral, this is not so for the pentagon and other 
polygons with more than five sides. With these, a 
trial and error approach such as previously men- 
tioned is the only reasonably simple solution. 





to (AO)=(AM) k?/(k?—1). 


2 and 3. 


rig. 3—Analytical construction solution of maximum area quadrilateral for given 
side lengths and sequence. Solution procedure: 

1. Lay off (AD) =d, longest given side, and (DM) = be /a. 

2. Construct a circle with radius equal to side ¢ with D as center. 

3. Construct another circle with radius r=(AM) k/(k?—1) where k=a/c 
and center O is located on a line passing through ADM at a distance from A equal 


4. Determine point C by an intersection of two circles constructed in steps 


5. From point C as center, draw an arc with radius equal to side b and from 


Polygon Side Lengths 
a 


A as center, swing an arc 
with radius to side a. Inter- 
section of these two arcs de- 








termines point B. 





b 
c 
d 


6. Construct stable poly- 








gon by connecting points 
A, B, C and D with straight 
line segments. 

7. Check construction ac- 
curacy by drawing a circle 
through points A, B, C and 
D using as center point P 
which is the intersection of 








the perpendicular disectors 
of any two polygon sides. 
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largest Privately Owned 
Wind Tunnel to be Built 


Largest intermittent blow-down 
wind tunnel in this country, and 
one of the largest constructed by 
private industry, will be built by 
North American Aviation Inc. at 
a site near Los Angeles Interna- 
tional Airport. With total cost to 
be over $4 million, the tunnel will 
be capable of testing airplanes 
and guided missiles at speeds 
ranging from 400 mph to more 
than three times the speed of 
sound. 

Wind speed will be produced by 


compressed air released from a 
series of storage spheres. Control 
of air speeds will be by a method 
of controlling an adjustable noz- 
zle, a transonic chamber and a 
variable diffuser, all placed in 
series in the throat of the tunnel. 
Adjustments of each of these 
structures are expected to be made 
in considerably less time than nec- 
essary for like adjustments in 
other tunnels, Tests will be about 
one minute in duration. Models 
with wingspans up to 4 feet will 
be handled in the tunnel’s test 
chamber. 

Complex structural parts of the 
tunnel will be constructed by the 
Pittsburgh-Des Moines Steel Co. 


FIRST ATOM POWER PLANT recently proposed by the Du- 


uesne Light Co. (MACHINE DESIGN, «x 
i imi artist’s sketch. 


wna in this 


1954, Page 191) is 
estinghouse Electric 


cae is y Ss and building the reactor under contract to the 
AEC. Duquesne Light will design and construct the turbine-gen- 


erator and o 
from left to right: fu 


changers, maintenance Tigo. 


ator building, switchyard 


te the plant at Shippingport, Pa. Sketch shows 
handling building, reactor and heat ex- 
with traveling crane, turbogener- 
transmission lines. Building in 


foreground contains shop and administrative facilities 
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at its plants and assembled at the 


construction site. North Ameri- 
can estimates the facility will be 
completed in 1956. 


Industry's Prosperity 
Due to Engineers’ Influence 


The prosperity of the nation’s 
larger industries is due largely to 
the influence of the engineer, Dr. 
John T. Rettaliata, president of Il- 
linois Institute of Technology, 
told a management group of the 
Society for the Advancement of 
Management recently. 

Although engineering colleges 
constitute only a tenth of all high- 
er educational institutions in the 
country, nearly half of the major 
corporations are headed by ex- 
ecutives with engineering or sci- 
entific backgrounds, Dr. Rettaliata 
said. 

Referring to a recent survey of 
the executive ranks of the 300 
largest corporations, the Illinois 
Tech president said 30.8 per cent 
had backgrounds in business eco- 
nomics, while 45.5 per cent were 
educated as engineers or scien- 
tists. The remaining 23.7 per 
cent were educated in law or the 
arts, 

“Considering the excellent state 
of corporate health, it must be 
concluded the engineer has done 
a good job,” he said. 


"Do It Yourself” Kit 
For Guided Missiles Here 


Dream or nightmare of model 
airplane builders is this new king- 
size “kit” for a full size USAF 
B-61 Martin Matator. Using a 
technique developed by Glenn L. 
Martin Co., the pilotless bomber 
is manufactured in seven major 
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Assemblies in which the USAF B-61 Martin Matador is manufactured. These 
components are weatherproofed and coated for assembly and later use 


parts. Each part is shipped in a 
separate crate, and the unit may 
be assembled in the field just prior 
to launching. 

Eliminating factory final assem- 
bly, this new system is said to 
provide easier shipment and re- 
duced costs. Units may be stored 
at their destination and assembled 
years after their manufacture. 
Movement from one base to an- 
other is facilitated by moving the 
packaged parts rather than mak- 


Speedwalk in Operation 


First passenger conveyor belt 
in the world (see MACHINE DE- 
SIGN, Nov., 1953, Page 188) was 
recently placed in operation in the 
Hudson and Manhattan Railroad’s 
Erie tube station. The 227-foot 
“Speedwalk” can carry 10,800 
commuters per hour up an in- 
clined ramp to the Erie Railroad 
terminal at a speed of 120 fpm al- 
though only about 9000 commuters 
presently use the station daily. 
The installation was designed and 
constructed by Goodyear Tire and 
Rubber Co. and Stephens-Adamson 
Mfg. Co. 

Driven by a 20-horsepower Gen- 
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ing it necessary to transport a 
completed bomber. 

Sections comprising the assem- 
bly are the nose, wing, center sec- 
tion, aft tail, fin and bullet-fairing 
stabilizer sections, and the instru- 
mentation. Completely _inter- 
changeable, no two of the sections 
have to be made for each other. 
This standardization has long been 
a practice in the automotive indus- 
try and is now successfully applied 
to aviation. 


eral Electric motor, the 5'-foot 
wide endless belt has moving 
handrails, is 5g-inch thick, weighs 
11,000 pounds and is 460 feet in 
length. Ends of the belt were 
vulcanized together after installa- 
tion. Head, tail and snub pulleys 
were made by Dodge Mfg. Corp. 


Study Women, 
Appliance Designers Told 


Today’s electric appliances must 
be engineered to unpredictable 
conditions, according to John C. 
Sharp, president of the Hotpoint 
Co. Speaking at the fifth annual 
AITEE Appliance Technical Con- 
ference recently, he stated that 


engineering of appliances is the 
most difficult of all assignments, 
and to meet this challenge he ad- 
vised future appliance design en- 
gineers to subscribe to college 
courses in women, color, form, il- 
logic and human relations. “Cus- 
tomers” he said, “are nonscientific 
and have no desire to become so.” 

He told the engineers that to- 
day’s electric appliances must be 
engineered to unspecified condi- 
tions that exist in the American 
home, such as heat, cold, pres- 
sures, vacuums, acids, alkalies and 
tissues (both living and dead). 
Among other engineering prob- 
lems are heating units developed 
to withstand the deluge of babys’ 
formulas; detergents, used in 
washing clothes, that destroy alu- 
minum and rubber; plastics which 
are discolored and attacked by 
perspiration; cleaning compounds 
and foodstuffs that make excellent 
electrolytes, resulting in corrosion 
where dissimilar metals are used. 

Appliance design engineers, in 
addition, must be able to solve 
these problems in “three months 
for 75 cents.” Sharp added that 
if cost requirements are met, the 
design must be small enough in 
size and acceptable to the human 
eye as a piece of furniture. The 
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“We've dropped it 35 feet . . . 

laid it on the ocean floor for 6 

weeks . . . and let it run 250,- 

000 hours without harm. Now, 

the final test . . . a typical hus- 

band will make a minor adjust- 
ment!” 
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JOHNSON BRONZE COMPANY e@ 525 South Mill Street, New Castle, Pa. 
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JOHNSON 
BRONZE-ON-: STEEL 




















Where “two-side” bearing surfaces are 
required, Johnson Bronze-on-Steel is the answer. 
Floating connecting rod bearings often require 
this type of metal, also thrust washers. They are 
produced by bonding pre-cast bronze powder* 
to both sides of steel strip. This combines the fine 
bearing properties of copper-lead alloy with the 
strength and other properties of steel. This 
material is available in bearing form, or in strip 
form—rolls up to 400 feet or individual strips 
of any length for your own stamping or forming. 




















Me assure complete laboratory control of 


quality from the ingot to the finished product, 
Johnson Bronze has built a new powder plant for 
the production of alloy type powders by a patented 
process of disintegrating and quenching molten 
alloys. Therefore, the correct alloy for a particular 
use can always be prepared to correct specifica- 
tions. This is another reason why Johnson Bronze 
has become known as Sleeve Bearing Headquarters. 





Write for information. 
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appliance engineer must know 
when a product is far enough 
along in development to justify 
producing and selling it. “It can 
never be half perfect,” he said, 
“until the engineer knows what 
the customers are going to do with 
hy 

Performance testing was cited 
as the most important phase of 
appliance engineering. Sharp re- 
marked that field tests showing 1 
per cent failure are expensive, 2 


per cent will slow progress and 5 
per cent will “put you out of busi- 
ness.” Performance tests must 
meet four requisites. First, they 
must obtain results in a reason- 
able time; second, they must 
measure the property in question 
in terms related to actual use; 
third, the test should be concerned 
only with a requirement of actual 
use; and fourth, the standard 
must be chosen on the basis of 
a required minimum. 


New Gun Developed From Captured German Design 


Developed from a badly damaged 
fast-firing German machine gun 
captured near the end of World 
War II, a new 20-mm cannon called 
the M39 is now in mass produc- 
tion. Armour Research Foundation, 
in 1946, was awarded the original 
contract to develop the weapon 
and its early work consisted of 
study and analysis of the design 
features and operating principles 
of the German model. 

After reconditioning the weapon, 
Armour engineers obtained pre- 
liminary performance data from 
firing tests. Design and construc- 
tion of early development models 


was based upon these preliminary 
data. 

Production development of the 
weapon was begun by the Ford 
Motor Co. in 1951 with Armour 
functioning in a consulting capac- 
ity. First of the production guns 


was built in three months. Improve- 


ments in design resulting from 
continued development were adapt- 
ed to mass production by Ford. 
At the present time, Pontiac Mo- 
tors Div. of General Motors is 
producing the gun. Capable of fir- 
ing 1200 rounds of 20-mm am- 
munition, the cannon will be used 
in jet aircraft. Using the revolver 


Fast-firing machine gun fires 100 times faster than the Colt revolver. While 
12 rounds can be fired in about a minute by reloading the six-shooter, the 
machine gun fires 1200 rounds of 20-mm high-explosive ammunition 


EXTREMELY UNDU- 

LATED vanes made this 
agitator a 

difficult molding ret 

Plastic Service Corp. molded 

it in a conventional way us- 

ing a special Durez com- 

pound 


gun principle, it involves the use 
of a multichambered drum indexed 
by a gas-operated slide mechanism 
to bring the chambers successively 
into alignment with the barrel. 

Emphasizing the development 
time involved in such a project, 
E. M. Wintermoyer, supervisor of 
small arms research at Armour 
said, “The task involved in start- 
ing with an idea and bringing it 
to the production stage is enor- 
mous.” He pointed out that the 
first burst exceeding 100 rounds 
was fired after six years of de 
velopment. 


Rolled Splines 
Made Stronger, Faster 


Using a basic new cold-working 
process for producing splines, oil 
grooves, serrations, and _ other 
similar shapes, a new series of 
machines called Roto-Flo spline 
rollers have been announced by 
the Michigan Tool Co. 

Shafts made to pitch diameter 
are placed in the forming racks, 
and the rack teeth press into the 
metal parts as they roll until prop- 
er depth is reached. Resulting 
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TORRINGTON BEARING § AT WOR K 


Precision-ground TORRINGTON Spherical Roller 
Bearings help cut friction on shaft of a 
General Electric direct current generator. 


















































Name your toughest, costliest to shock and wear. Bronze, machined cage for each 
bearing problem, TORRINGTON path of rollers—for freedom of operation. Integral 
Bearings will solve it—just as center flange on inner race—for positive radial sta- 
they have solved scores of such bility and positioning for thrust loads. And self- 
problems in virtually every alignment—for smooth service under shock loads 
major industry. at maximum speeds. 
Consider, for example, TorRINGTON Spherical TORRINGTON Spherical Roller Bearings are avail- 
Roller Bearings—and these big advantages. able from stock with either straight or tapered bore 
Precision-ground contact surfaces—for even load for shaft or adapter mountings. Prove to yourself 
distribution, maximum bearing life. Accuraie geo- that it pays to buy the finest—specify TORRINGTON. 
netrical conformity between races and rollers—for 
ultimate load carrying capacity. Carefully heat- THE TORRINGTON COMPANY 
treated races and rollers—for maximum resistance South Bend 21, Ind. Torrington, Conn. 





SPHERICAL 
TORRINGTON fo.;; BEARINGS 


Spherical Roller © Tapered Roller Cylindrical Roller Needle Ball e« Needle Rollers 
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splines are said to have a high 
degree of accuracy and excellent 
surface finish. 

Displacing rather than remov- 
ing the metal also results in a 


Some of the splines formed by Roto- 

Flo machines in an average of 31/4 

seconds forming time. Shafts range 

from 7/ to 154-inches outside diam- 
eter 


hh 


grain structure, with which high- 
er tooth strength can be realized. 
Early tests have indicated that 
parts with rolled splines will with- 
stand higher torsion loads than 


OLD AND NEW in track type tractors. At the 
line powered crawler trac- 
tor built by the Holt Mfg. Co., one of Cater- 


left is the second 


— 
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PRODUCTION SPORTS CAR is the 1954 Nash-Healey Le Mans 


hardtop. Major mechanical 
3 developing 140 hp, are made in this 
pecial chassis with trailing- 


der, overhead-valve engine 
country. § 


of the car, such as the six-cylin- 


front suspension is made 


by Donald Healey Co. of England. Body is by Pinin Farina 


parts with splines hobbed or 
shaped from the same kind and 
size of material. 

Design flexibility is said to be 
another advantage of the method. 
Teeth may be formed up to a pro- 
truding shoulder diameter without 


a recess for tool clearance. Also, 
finer splines may be used to carry 
the same load capacity as coarse 
splines now being used. 
Production time is said to be up 
to 30 times faster for some parts 
with resulting lower labor costs. 


pillar’s parent companies, in 1908. At the “— 
is a modern descendant of the old timer, a D-7 
Caterpillar Tractor Co. diesel-powered bulldozer 
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WORLD’S LARGEST SELECTION 











40 YEARS’ LEADERSHIP 


Yes, for 40 years GITS has been 
setting the standard for industry 

. solving tough lubricating 
problems. . . earning the confi- 
dence of manufacturers... it’s 


the reason people say, ‘‘Call 
GITS first’. 














LOW COST 


Yes, GITS oil cups can do a com- 
plete lubricating job for you ... 
prolonging bearing life, reducing 
maintenance costs, cutting 
down-time, boosting production 
... and GITS oil cups cost so 
little. 








A ea ln i a ill oe ie aml rer 


Yes, only GITS can offer you 
such a wide range of standard 
stock sizes. From just one source 
you can get all lubrication de- 
vices in any design for any 


purpose. 





—_—~-- 




















CONSISTENT TOP QUALITY 


Yes, GITS is known for uniform 
quality in design, materials and 
machining . . . this means con- 


stant, dependable performance 
for you. Inferior products can 
cost you time and money. De- 


. get GITS. 


mand the best. . 





















“Oil Hole Covers ¢ Oil Cups « Grease Cups * Bottle Oilers . Gauges ¢ Gravity-Feed « Wick-Feed ‘ a 
Constant Level * Vibrating Rod Styles « Threaded or Drive-Type * Elbow or Straight ; 


ITS 5202:Mro. Co. 


1868 S. Kilbourn Ave. Chicago 23, Ill. 
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_ Write eerie for Free 3 Caelog No. 608. No. 60A. Use it as vont handy reference for lubricating devices. 4 
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Since all stresses are compressive 
and not in shear as with cutting 
tools, longer tool life can be ex- 
pected. 


New transformer plant at Rome, 
Ga., was recently dedicated by Gen- 
eral Electric. Costing $25 million, 
the plant is the first to be con- 
structed for the mass production 
of power transformers. Rome 
built transformers are in the me- 
dium power range, from 501 to 
10,000 kva. 
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Improved Steel Powder 


Development of a new preal- 
loyed steel powder for high 
strength powder metallurgy ap- 
plications was recently announced 
by Vanadium-Alloys Steel Com- 
pany. According to Dr. George A. 
Roberts, vice president in charge 
of technology, the new grade, 
4650-A, shows marked improve- 
ment over earlier alloy steel pow- 
ders, and will be marketed im- 
mediately by the company. 

Improvements in the 4650-A 
steel powder are said to be re- 


flected in the ability to produce 
high strength parts by briquet- 
ting and sintering without resort- 
ing to secondary treatments any 
more elaborate than simple hard- 
ening. Pronounced improvement 
in the toughness and hardenabil- 
ity of 4650-A powder parts will 
permit the manufacture of gears 
and other high strength, high pro- 
duction parts—the field in which 
powder metallurgy fabrication of- 
fers significant cost savings. 

Dr. Roberts cited improvements 
in the characteristics of the new 
alloy steel powder grade. It is 
said to have excellent’ green 
strength and is readily moldable 
at low pressures to yield dense, 
strong compacts. Basically a nick- 
el-molybdenum composition, the 
grade is also available to users 
with other carbon contents. Other 
improvements in the characteris- 
tics of 4650-A pointed up by Va- 
nadium are its ease of heat treat- 
ment, toughness comparable to al- 
loy steel and its strength. 
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“Most durable substance on the 
market. Formulated from my 
wife’s cheese rarebit recipe.” 


Catalytic exhaust mufflers (<<¢ 
MACHINE DESIGN, Page 253, My, 
1953), are now being instal ed 
on lift trucks and tractors °Y 
Clark Equipment Co. Mufflers «re 
also available for field insta!ia- 
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DO YOU USE WELDED COMPONENTS? 
—OR ASSEMBLIES? 


mtinental Weldments production is geared to your needs. 
uu may need only a sub-assembly like that being finish ma- 
ined above. You may need a complete fabrication like the pug 
ill at the right, for which Continental produced and assembled 
the parts. In either case, Continental should be your prime 
hirce of supply. 

\t your service is equipment especially designed and built 
produce the complex parts for Continental rolling mills. Plus 
t know-how gained in building such machinery for some of 
t most exacting buyers in the world. 


COMPLETE ROLLING MILLS + ROLLS 
STEEL CASTINGS + WELDMENTS 
BOILER CONTROLS AND CLEANING 


Plants at 


CHICAGO « PITTSBURGH 


WRITE 


for this new Brochure D 
on Continental Weldments. 


CON i nia! iAL 
East Chicago, Ind. + Wheeling, W. Va. + Pittsburgh, Pa. Foundry € Machine 


Copes-Vulcan Division: Erie, Pa. 


Co ipa iy 
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tions. Manufactured by Oxy-Cat- 
alyst Inc., the muffler converts 95 
per cent of the carbon monoxide 
and hydrocarbons in gasoline en- 
gine exhaust gases to carbon diox- 
ide and water vapor. 


New Techniques Speed Up 
Molecular Bonding Process 


Special, quick-bond reactivation 
methods have been developed for 
use with the Al-Fin bonding proc- 
ess which makes it adaptable to 
mass production. Working in con- 
junction with Doehler-Jarvis Corp. 
to develop the new manufacturing 
technique, Al-Fin Div. of Fairchild 
Engine and Airplane Corp. recently 
announced its use in the production 
of household electric irons. 

Developed during World War II 
by Fairchild, the Al-Fin process is 
a patented casting process for the 
bonding of aluminum, magnesium 
and their alloys to steel, cast iron, 
nickel or titanium. In the present 
application, stainless steel is bond- 
ed to the bottom of a conventional 
electric iron aluminum soleplate. 
Prebonding of the stainless steel 
stampings and storing them at 
each die-casting machine speeds up 
the operation. 

Pressure die-casting is employed 


NEW HEAVY TANK was recently shown publicly for the first 
time. Known as the T-43, the tank has a high-velocity 120 mm 


gun plus .50 and .30 caliber machine 


Designed by Army 


Ordnance and Chrysler Corp. engineers, it is the heaviest and most 

powerfully armed U. S. tank. Hull and turret are both single- 

piece castings. An 810-horsepower, 12-cylinder, air-cooled engine 
provides driving power 


to flatten the 0.01-inch stainless 
steel sheet after immersion in a 
molten aluminum bonding bath. 
Casting metal enters the die cavity 
at high pressure and conforms the 


ROCKET SHIP? No, it’s a portion of a giant three-pole circuit 

breaker built for an Ohio atomic energy plant by Westinghouse - 

Electric Corp. Interrupting capacity of 25-million kilovolt-amperes 

is sufficient to control all the electric power used by a city the size 
of Pittsburgh 


sheet to the contour of the die. 
Subsurface porosity in conven- 
tional aluminum castings is not 
usually detected until the piece is 
finished. Bonding stainless steel to 
the casting makes subsurface po- 
rosity immaterial—one of the ad- 
vantages of the process—thus re- 
ducing rejects and labor costs. 


Correction 


Clearing Machine Corp. of Chi- 
cago has called to our attention 
that the 300-ton powder metal 
molding press mentioned in MA- 
CHINE DESIGN, May, 1954, Page 
206, is not the “largest powder 
metal press built in this country.” 
Two powder-metal molding presses 
built by Clearing are rated at 500 
tons each. 


Atomic energy consulting prac- 
tice has been opened by James K. 
Pickard of Washington D. C. Of- 
fering his services in the field cov- 
ering the impact of atomic energy 
developments on different types of 
businesses and opportunities for 
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Why you can 
neduce rejection lasses 


with a Kodak Conju-Gage 
Gear Checker 











Why the composite check 


In practice, the final test of gear quality is how the gear works in use. The composite 
check recommended in American Standard B6.11-1951 shows this conclusively by 
measuring displacement of the gear when run against a master of known accuracy. And 
it does it in one quick operation that checks combinations of as many as six types of 
errors. 


Why the Conju-Gage Gear Checker 


Since displacement represents the sum of both gear error and error in the master, the 
accuracy of the master used determines the precision of the composite check. The Kodak 
Conju-Gage Gear Checker uses a master of exceptional accuracy, the Conju-Gage Worm 
Section. Produced by thread grinding, its accuracy is not limited by the same manufac- 
turing processes which limit accuracy in the gear itself. 

To settle for masters of lesser accuracy is to rob yourself of “tenths’’—to chance that 
tolerable error in a gear may coincide with error in the master to cause a needless re- 
jection. Or that intolerable error in a gear may be cancelled by error in the master to 
pass a gear that will fail in use. 















The Kodak Conju-Gage Gear 
Checker automatically records the 






To reject every wrong gear is to guard the quality of your product. To pass every composite effects of runout, base 
right gear is to reduce such rejection losses to a minimum. pitch error, tooth thickness varia- 

To find out more about how a Kodak Conju-Gage Gear Checker can lower costs —. — error, ae —_ 
while maintaining required precision, send for your copy of the booklet, “Kodak Conju- end ‘ateret unset. Gustvated & 





the Kodak Conju-Gage Gear 







Gage Gear Testing Principle.” Write to Checker, Model 8U, for gears up 
es to 8%" pitch diameter. Smaller 
Special Products Sales Division models are also available. 






EASTMAN KODAK COMPANY, Rochester 4, N.Y. 










CONJU-GAGE INSTRUMENTATION 


+». anew way to check gear precision in action 





To inspect all kinds of complex parts on a bright screen, Kodak aiso makes 
two highly versatile contour projectors. 
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business created by atomic energy, 
Pickard has worked in a number 
of atomic energy activities con- 
tinuously since 1944. 


Arc Refining Process 
Promises Beryllium Cost Cut 


Refining of beryllium using the 
Sheer-Korman High-Intensity Arc 
process is expected to producc 
better quality metal at about a 
third of the present cost. An- 
nounced by Light Metals Refining 
Corp. the refining method is be- 
lieved to be able to produce a 
nearly pure, nonbrittle and there- 
fore machinable metal. 

At the present time, because of 
the high cost of production and 
poor quality metal, use of bery!l- 
lium in industry has been limited, 
according to the company. Fabri- 
cated forms must generally be 
made by powder-metallurgy tech- 
niques rather than machining by 
conventional means, thus increas- 
ing costs. Use of the Sheer-Kor- 
man process appears to be a prac- 
tical method of solving these prob- 
lems. 

World’s second lightest metal, 
beryllium is nonmagnetic and high 
strength. ‘Machining difficulties 
have been an obstacle restricting 
its use as a moderator for nuclear 
reactors, although significant 
quantities have been used for 
other purposes at atomic energy 
installations. Demand for the 
metal is expected to increase 


greatly if the present difficulties 
are overcome, 


Reduced prices were announced 
by Du Pont today for its “Teflon” 
tetrafluoroethylene resin, a plastic 
with high heat, chemical, and 
electrical resistance. 

Reductions in prices for large 
containers of “Teflon” ranged from 
40 cents a pound for molding pow- 
ders to $1.00 a pound of resin foz 
dispersions. Fine “Teflon” pow- 
der for extrusion of tape and wire 
coatings was reduced 50 cents a 
pound for any quantity. 
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Turbocharger Can 
Triple Engine Output 


Specific outputs of naturally- 
aspirated four-cycle Diesel en- 
gines have been increased from 
21% to 3 times by a recently de- 
veloped high-pressure turbosuper- 
charger. Other, perhaps equally 
important, advantages of very- 
high-pressure supercharging are 
reduction of relative cooling losses 
from 20 per cent of the heat con- 
tent of the fuel to 8 per cent; re- 
duction of mechanical losses as a 
percentage of engine output, and 
possible specific fuel consumption 
reductions as much as 20 per cent. 
The new turbocharger is a devel- 
opment of the De Laval Steam 
Turbine Co. 

Design of the new turbocharger 
differs radically from that of con- 
ventional turbochargers. A high- 
ly efficient new type of mixed-flow 
compressor and an aerodynamical- 
ly improved centripetal turbine 
are used. The unit is also unique 
with regard to the construction of 
the rotor, the compressor impeller 


De Laval turbo supercharger with 
pulse converter for use with the four 
branch manifold of an 8-cylinder 
engine. The pulse converter also 
serves as an adapter allowing the 
turbine proper to be used with 
engines having different sizes and 
numbers of manifold branches with 
no modifications to the basic turbine 


and turbine wheel being combined 
in a single rotor structure. Ar- 
rangement of the compressor blad- 
ing on one side of the rotor hub 
and the turbine blading on the op- 
posite side does away with non- 
working surfaces, thereby elim- 
inating parasitic losses such as 
windage and friction and avoiding 
compressor and turbine leakage. 
As the result of elimination of 


Pressure waves in one of the two manifold branches are converted into high 

velocity in the primary nozzle associated with this branch. The high velocity 

exerts an eductor effect on the other branch. Process than reverses, with the 

second branch discharging and producing an eductor effect. Fairly uniform 

high velocity maintained in the mixing section means low static or back 

pressure. Diffuser converts high mixing-section velocity into pressure increase 
for driving turbine. Complete system is called “pulse converter 
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Cuts 


The new General Electric TSA-18 
process timer, available in single- 
and double-circuit models, reduces 
your need for expensive, custom- 
built timing equipment. Its adapt- 
ability enables it to meet, with 
precise and dependable operation, 
the majority of your timing-equip- 
ment requirements. 


THREE TYPES OF CONTROL are 
available in the TSA-18. At no 
extra cost this new process timer is 
capable of being connected for 
manual start and reset, automatic 
reset, and automatic reset and re- 
peat operations. 

ADJUSTABLE ‘‘ON’’-"'OFF’’ TIME 
setting is provided in this new 
timer. The TSA-18 will begin and 
‘nd a process at any specified 


EW G-E TIMER 


GENERALG@BELectRic 
PROCESS TIMER 





Process Timing-equipment Costs 


time. Load circuits can be easily 
adjusted to close or open at any 
point within this cycle. This feature 
enables you to reduce the multiple 
number of timers usually required 
to perform these timing operations. 


HEAVY-DUTY CONSTRUCTION of 
the TSA-18 reduces maintenance 
and repair costs and provides long 
life. Nylon gears, permanently lubri- 
cated Telechron* motor, hardened 
steel parts, and 1/16-inch solid 
silver-face contacts contribute to 
the new timer’s long life. 


FOR MORE INFORMATION call your 
nearest General Electric Apparatus 
Sales Office, or write for Bulletin 
GEC-1223 to Section 603-179, 
General Electric Co., Schenectady 
5, New York. 


*Registered trade-mark, General Electric Co. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


3 OPERATIONS IN 1 TIMER 


ie & 
oS 


MANUAL OPERATION 
Timer is started and reset man- 
ually from an external switch. 
Two adjustable load circuits inde- 
pendent of each other are availa- 
ble with this type of operation. 


















7 
cy 


SEMI-AUTOMATIC OPERATION 
Timer is started from external 
switch. Circuit “‘A’”’ resets time 
at the end of the adjustable 
cycle. Circuit “B’ opens and 
closes load circuit within the cycle. 
























CB) 
Ca) 


AUTOMATIC OPERATION 
Circuit ‘‘A”’ starts and repeats the 
cycle for continuous operation. Cir- 
cuit ““B” opens and closes load cir- 
cuit at any point within the cycle. 
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Installation of De Laval high-pressure turbosupercharger on 1800-hp, 8-cyl- 
inder Nordberg diesel engine 


these losses, efficiencies of both 
turbine and compressor are sub- 
stantially improved, over and 
above the improvement already 
achieved by aerodynamic refine- 
ment of the blading. This construc- 
tion eliminates a number of parts 
such as air and gas seals. 

Use of the centripetal turbine 
has an additional advantage in 
that the turbine-nozzle guide vanes 
can be located between two ra- 
dially - extending walls, which 
makes it possible to arrange for 
easy adjustment of the turbine 
nozzle areas. A simple mechan- 
ism can be furnished which per- 
mits external adjustment of the 
nozzle guide vanes during opera- 
tion of the turbocharger-engine 
combination. This external ad- 
justment can be used for a variety 
of purposes, including the achieve- 
ment of high supercharger rpm 
under conditions of low engine 
rpm, thereby obtaining high torque 
during low-speed operation. 

The turbine is of the steady- 
flow, full-admission type, which 
makes it most suitable for use in 
conjunction with the constant- 
pressure, single-exhaust-manifold 
engine system, which is now be- 
coming more and more popular. 
For applications where it is desir- 
able to utilize the energy in the 
exhaust pulsations (blowdown), 
De Laval has developed the “pulse 
converter’, which makes the pul- 
sating energy available to the tur- 
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in the form of additional 
pressure, under conditions of 
steady flow. This constant-flow 
system is said to permit higher 
turbine efficiency by eliminating 
losses connected with windage of 
momentarily idle turbine blades 


bine 


and the filling and emptying of 
stationary passages and rotating 
blade channels of turbines with 
conventional blowdown systems. 


More Reactor Facilities 
Made Available to Public 


Specialized facilities of the Ma- 
terials Testing Reactor at the Na- 
tional Reactor Testing Station in 
Idaho have been made available to 
the public on a limited basis. Re- 
cently announced by the Atomic 
Energy Commission, the facilities 
are said to make possible greater 
industrial utilization of benefits 
from atomic energy developments. 

Part of the reactor space avail- 
able will provide higher neutron 
intensity than is available to the 
public at present in other reac- 
tors. This higher intensity neu- 
tron source is considered a unique 
research tool. 

Because of security considera- 
tions, experimental work will be 
performed by Phillips Petroleum 


MAMMOTH ROLLER CHAIN DRIVE is one of the largest ever 

built. Quadruple width 3-inch pitch Link-Belt chain and mating 

sprockets drive an apron feeder which handles 6000 long tons per 

hour at an ore-handling facility of the Orinoco Mining Co. in 
Puerto Ordaz, Venezuela 


LLL WH 
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This unit is equipped with a 
water cooled, high speed HELIARC 
HW-13 torch—ideal for ma- 


chine welding. 


Stator packs, thin sheet steel stampings joined 


together, form the laminated enclosure around the 
armature in electric motors. These parts have been 
riveted, bolted, and even welded together in the 
past... But now using HELIARC welding, they are pro- 
duced faster and more economically than ever before. 


Costs 2 a cent or less to HeLiarc weld a stator 
which previously cost manufacturers one cent to rivet. 


Maximum electrical efficiency is obtained with 
HeELIARC welded stators—a quality difficult to obtain 
from riveted or bolted stators. 


Welding speeds up to 60 in. per minute are now 
possible. HELIARC torches in a mechanized setup weld 
a complete stator pack in a matter of seconds. 

HELIARC, sigma, and UNIONMELT welding processes 
—brought to industry by LinDE’s service engineers, 
form a top notch fabricating team in operations for 
small shops or huge production lines. From carbon 
steel to complex alloys, whatever your welding needs 
are, your local LinDE representative will be glad to 
help you determine the most efficient, economical 
welding process for that work. Call him today for 


more information. 





LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [Iai] New York 17, N. Y. 
Offices in Other Principal Cities 


In Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited, Toronto 





The terms “‘Heliarc,”’ “‘Unionmelt,”’ and “Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Co., the contractor operating the 
reactor. Charges, based on all 
costs involved including overhead, 
depreciation and operating ex- 
pense, will be made for public ir- 
radiations. These charges, the 
Commission says, are considered 
sufficiently low to bring the serv- 
ice within the means of qualified 
research organizations. 


Truck Trailers 
Feature Moveable Axles 


In a new design announced by 
Trailmobile Inc., proper weight 
distribution on truck trailer axles 
is achieved through the use of 
shiftable tandem axle suspensions. 
Loading of axles may thus be 
changed to conform with the vari- 
ous state load limit regulations, 
thereby resulting in increased pay- 
load. In a recent address, James 
J. Black, vice president in charge 
of engineering of Trailmobile said 
that weight distribution in trucks 
may be achieved in two ways. One 
is by weight distribution similar 
to the method of weight and bal- 
ance used in loading aircraft. The 


with and without accessories. 
different models. 
Turning a dial to the 
number corresponding 
to a particular model 
illuminates a descrip- 
tion of the car includ- 
ing available optional 
equipment. Pressing 
the appropriate button 
then causes total price 
to be displayed. Prizes 
are offered for regis- 
tering on an automatic 
register at the right of 
the machine. Carbon 
copies of registrations 
are retained by the ma- 
chine and serve as 
sales leads. Recently 
tested, the device is 
built by Ohio Displays 





Underside view of Trailmobile’s new shiftable tandem suspension showing 
the solid steel bar inserted into the stationary steel beams holding the unit 


other is to move the rear axles of 
the trailer to compensate for load 
position. 

In either of these ways, Mr. 
Black remarked, the necessity of 
reloading due to overloading the 
axles is eliminated. However, the 
weight and balance method be- 
comes a problem when different 
tractors are used since each com- 
bination of tractor and trailer is 
an individual problem. Shiftable 
tandems therefore, are the logical 


AUTOMATIC AUTOMOBILE SALESMAN provides prospective 
customers with price information on models of their choice both 
Color transparencies display 20 
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answer. 

Shifting of the axles may be ac- 
complished on the road by block- 
ing the wheels of the suspension, 
removing the steel rods holding 
the unit in place, then moving the 
trailer to place the axle at the de- 
sired position. It is shiftable to 
any position at 3-inch intervals 
over a 45-inch range. 

With a spare unit in the fleet, a 
further advantage may be real- 
ized. The sliding suspension may 
be replaced with a completely serv- 
iced and overhauled unit in about 
30 minutes, thus reducing servic- 
ing time. 


Plastic Prototypes Cut 
Investment Casting Costs 


Investment casting prototypes 
that are less expensive and more 
flexible than patterns machined 
out of metal are being used by 
Precision Metalsmiths of Cleve- 
land. Original “idea” patterns 
are machined from the plastic and 
are said to simplify the develop- 
ment of complex castings. Poly- 
styrene patterns may be ma- 
chined in sections and assembled. 

Test casting with the plastic 
pattern is possible, eliminating 
the hazard of discovering too late 
that a pattern won’t cast. Further 
experimentation with various «!- 
loys is possible, thus simplifying 
selection of an alloy. 

Easily machined, annealed poiy- 
styrene is less expensive than 
metal. Both factors are said to 
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INDIANA GEAR 


Oo SQCHnlislE tn... 


GEAR SHAPING 
GEAR GRINDING 
GEAR CUTTING 


GEAR HOBBING 
DRILL PRESS (RADIAL & POWER FED) 


HORIZONTAL BORING 


BROACHING 
INTERNAL GRINDING 
EXTERNAL GRINDING 


LATHE WORK (TURRET & ENGINE) 
HEAT TREATING 
METALLURGY 
ROTOBLAST 


GUN DRILLING 
MILLING 
TAPPING 


NITAL ETCH 
AF APPROVED INSPECTION 
ZYGLO 
MAGNAFLUX 
X-RAY EXAMINING 


PARKO LUBRIZE 
DICHROMATE 
DULITE 
COPPERPLATE 
CADMIUM PLATE 
VAPORBLAST 


SPRAY PAINTING & BAKING 
ASSEMBLY 
DESIGN ENGINEERING 


INDIANA GEAR WORKS, INC., INDIANAPOLIS 7, IND. 
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contribute to greater savings in 
both time and money in making 
test castings. 


Vinyl Foam Sheeting Now 
Available in Any Length 


Of interest to designers using 
vinyl foam is an announcement by 
Kyfoam Inc. of the completion of 
their new plant for the production 
of continuous vinyl foam sheeting. 


Meetings and Expositions 


Sept. 5-8— 

Pressed Metal Institute. An- 
nual fall meeting to be held at 
the Manoir Richelieu Hotel, 
Murray Bay, Quebec. O. B. 
Werntz, 2860 East 130th St., 
Cleveland, O., is managing di- 
rector. 


Sept. 7-9— 

National Fluid Power Associ- 
ation. Fall meeting to be held 
at the Hotel Commodore, New 
York, N. Y. Barrett Rogers, 
1618 Orrington Ave., Evanston, 
Ill., is executive secretary. 


Sept. 8-10— 

American Society of Mechani- 
cal Engineers. Fall meeting to 
be held at the Schroeder Hotel, 
Milwaukee, Wis. C. E. Davies, 
29 West 39th St., New York 18, 
N. Y., is secretary. 


Sept. 13-24— 

Instrument Society of Amer- 
ica. International instrument 
congress & exposition to be held 
at Convention Hall and Com- 
mercial Museum, Philadelphia, 
Pa. P. V. Jones Jr., 1319 Alle- 
gheny Ave., Pittsburgh, Pa., is 
secretary. 


Sept. 21-23— 
Society for 
Stress Analysis. 


Experimental 
Fall meeting 


Sheeting will be marketed in widths 
up to 54 inches, thicknesses up to 
4% inches and in any desired 
length. It will be available in white 
or any specified color. 

Foam vinyl is employed in the 
automotive and furniture indus- 
tries as cushioning and molded in- 
serts. It is used for rollers, gas- 
kets, toys, insulation and many 
miscellaneous products. Capable of 
being heat-sealed to textiles or 
plastic sheeting, foam vinyl makes 


and exhibit to be held at the 
Hotel Bellevue-Stratford, Phila- 
delphia, Pa. W. M. Murray, 
P. O. Xox 168, Cambridge 39, 
Mass. is secretary. 


Sept. 23-26— 

Packaging Machinery Manu- 
facturers Institute. Twenty-sec- 
ond annual meeting to be held 
at Grove Park Inn, Asheville, 
N. C. Additional information 
may be obtained from society 
headquarters, 342 Madison Ave., 
New York 17, N. Y. 


Sept. 27-28— 

Steel Founders’ Society of 
America. Fall meeting to be held 
at The Greenbrier Hotel, White 
Sulphur Springs, W. Va. Addi- 
tional information may be ob- 
tained from society headquar- 
ters, 920 Midland Bldg., Cleve- 
lan, O. 


Sept. 27-30— 

Society of Industrial Packag- 
ing & Materials Handling Engi- 
neers. Annual exposition to be 
held at the Coliseum, Chicago, 
Ill. Additional information may 
be obtained from society head- 
quarters, 20 West Jackson Blvd., 
Chicago 4, IIl. 


possible a variety of decorative pat- 
terns. 

Among its desirable character- 
istics, foam vinyl is said to be 
tough, nonshrinking and resistant 
to flame, soap and detergent ex- 
tractions, chemicals, aging, tearing 
and abrasion. It does not oxidize, 
harden or dry out. Further, its 
properties may be controlled to 
produce a material that is compar- 
able with soft foam rubber, or with 
hard, flexible sponge rubber. 


Sept. 28-Oct. 1— 

Association of Iron & Steel 
Engineers. Annual convention 
and biennial exposition to be 
held at the Public Auditorium, 
Cleveland, O. T. J. Ess, 1010 
Empire Bidg., Pittsburgh 22, 
Pa., is managing director. 


Oct. 4-6— 

National Electronics Confer- 
ence. Tenth annual conference 
to be held at the Hotel Sherman, 
Chicago, Ill. Conference under 
the sponsorship by the American 
Institute of Electrical Engineers, 
Illinois Institute of Technology, 
Institute of Radio Engineers, 
Northwestern University, Uni- 
versity of Illinois, with partici- 
pation by the Radio Electronics 
Television Manufacturers Asso- 
ciation, Society of Motion Pic- 
ture & Television Engineers, 
Purdue University, and Univer- 
sity of Wisconsin. R. E. Horn- 
acek, N.E.C., Publicity Commit- 
tee, 208 West Washington St., 
Chicago 6, Ill., is chairman. 


Oct. 1-2— 

Standards Engineers Society. 
Annual meeting to be held at 
Haddon Hall, Atlantic City, N. J. 
F. M. Oberlander, P. O. Box 281, 
Camden, N. J., is secretary. 
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ROTARY SEALS are “tailor-made” to meet czac7 needs! 


Whether (as in this case) it’s a gear drive, or a pump, windshield wiper 

or some other equipment, no two designs pose exactly the same problems 

in Shaft Sealing. This important factor in performance and customer 

satisfaction should be dealt with in the one best way. And leading 

manufacturers in every field have learned that they can get that answer 

by calling in ROTARY SEAL engineers, preferably at the drawing- a 0 T A @ Yy 
board stage of model development. 

These skilled engineers are fortified with years of experience in work- 

ing out many successful solutions to difficult Shaft Sealing problems— y t A I 5 
often where other methods had proven unsatisfactory. They can adapt 


the basic ROTARY SEAL principle to meet precise conditions in each 
case and thus deliver real Sealing Certainty. No “off-the-shelf” unitfr 





before it happens. 


mechanical 
seals 


2022 NORTH LARRABEE STREET 
CHICAGO 14, ILLINOIS, U.S.A. 
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Helpful Literature 


(Continued from Page 176) 





35. Glass-To-Metal Sealing 


Hermaseal Co.—How glass-to-meta] seals 
are made and the facilities for making them 
preface this 20-page illustrated brochure. 
Among products made by this process and 
available from the company are electrodes or 
terminals, glass sea] tubes, multiple electrode 
sealed headers, octal] plugs and grommets. 
Applications. finishes and design options for 
each are related. 


36. Temperature Indicators 


Bryson Oj] Co.—‘‘Temperature Testing with 
Thermocolor and Thermochrom’’ is an in- 
formative and illustrated 8-page booklet which 
describes a series of temperature indicating 
Pigments and crayons. They change their 
criginal color when certain temperatures are 
reached, acting as color thermometers. Most 
of them have two, three or four color changes. 
Temperature range ts from 149 to 2256° F. 


37. Centrifugal Pumps 


De Laval Steam Turbine Co.—Design fea- 
tures and specification data on genera] service 
centrifugal pumps are contained in 4-page 
illustrated catalog 1001B. Pumps, which are 
available in three sizes from 2% to 4 in, with 
capacities to 400 gpm and heads to 230 ft, 
have life-lubricated bearings and are designed 
for easy maintenance and service. All parts 
are standardized and interchangeable. 


38. Quick-Disconnect Coupling 


Titefiex, Inc.—l6-page illustrated catalog 
‘*Titeflex Quick-Seal Coupling’’ contains de- 
sign information and shows construction fea- 
tures of a quick-disconnect hose coupling for 
water, oil, steam, gas and chemical lines. 
Coupling seals tighter as pressures increase 
and has a full swiveling action to prevent 
hose kinking. 


39. Stainless Steel Wire 


Fort Wayne Metals, Inc.—‘‘What Can You 
Do with Precision Stainless Steel Wire’’ is 
title of 4-page filustrated bulletin illustrating 
some thought-provoking and unusual] applica- 
tions of this material. Wire is available to 
close tolerances in diameters ranging down to 
0.001-in. and finer. 


40. Plastic Hose 


Resistoflex Corp.—Made from Teflon, Fluoro- 
flex-T plastic hose and hose assemblies are 
described with test results, sizes and construc- 
tion features in 4-page illustrated bulletin. 
Hose withstands highly corrosive fluids at 
temperatures from —100 to 450° F. 


41. Flush Latches & Hinges 


Hartwell Aviation Supply Co.—72-page il- 
lustrated catalog describes complete line of 
flush latches and hinges, including data on 
dimensions, assembly, installation and parts. 


42. Industrial Engines 


Ford Motor Co.—Six industrial engines with 
ratings from 45% to 140 hp are described and 
their operating curves given in 6-page bulletin 
TIE 9-7015. Also covered are complete power 
units and accessories, including Multa Torque 
converter, power take-off, engine hour meter 
and other heavy duty equipment. Specifica- 
tions are given. 


43. Magnetic Relays 


Bssex Wire Corp., R-B-M Div.—Quick ref- 
erence 4-page bulletin 560A shows various 
types of open and hermetically sealed alternat- 
ing and direct current relays. Maximum coil 
resistance, power requirements, contact forms 
available and approximate weight and dimen- 
sions are provided in tabular form. 


44. impact Extrusion Design 


Aluminum Co. of America.—1l16-page illus- 
trated bulletin AD-376 covers necessary back- 
ground of designing products for impact ex- 
trusion in aluminum. Parts can be one-piece, 
seamless, semi-hollow or solid and of round, 
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square, rectangular or oblong cross section 
with ribbed, beaded or fluted side walls. Bases 
can contain bosses, recesses or lugs and other 
projections. 


45. Thermistor Manual 


General Biectrie Co., Carboloy Dept.—52- 
page illustrated manual TH-13 is devoted to 
the subject of thermistors—what they are, 
how they are applied, and their functions. 
These include detecting and compensating tem- 
peratures and providing time delay or surge 
contro] in electrica] equipment. Many selection 
data and useful charts and tables are included 
in the publication, 


46, Brake Metor 


Standard Dayton Corp.—Controlled stopping 
of alternating current motors is possible with 
the Dinabrake, an alternating current dynamic 
brake motor. It is mechanically interchange- 
able with conventional motors. Design features 
are described and a cut-away view is included 
tn 4-page bulletin 600. 


47. Cold Finished Steel 


Jones & Laughlin Steel Corp.—Electreat, a 
J & L heat treated cold finished steel, is 
subject of text and pictures in 8-page bulletin 
AD 99. Method of heat treating cold finished 
stee] bars, utilizing electric induction heating 
and quenching machine is described. Ad- 
vantages of the method and features of the 
material are presented. 


48. Automatic Transfer Switches 


Automatic Switch Co.—‘Automatic Transfer 
Switches’’ is title of publication No, 602 in 
which selection materia] for such switches is 
considered. Such factors as ratings, single 
as opposed to double throw, relay protection, 
quietness of operation, control, operating speed 
and other factors are considered. Wiring 
diagrams and photographs are included. 


49. Drawing Hold-Down Device 


Grand Valley Machine & Tool Co.—Designed 
for holding-down stock during drawing or 
forming press operations, Die-Draulic hy- 
draulically operated gripper is covered in 4- 
page illustrated catalog. Operating principle 
and features are discussed. Unit is automatic 
in operation and has simple provision for 
regulation of hold-down pressure. 


50. Centrifugal Castings 


Wisconsin Centrifugal Foundry, Inc.—8-page 
illustrated catalog covers a nonferrous metals 
centrifugal casting service. Facilities are 
available for casting shapes ranging from very 
small and intricate designs to sizes up to 48- 
in. OD, 40-in. long and up to 3000 Ib in 
weight. All phases of the design and produc- 
tion operation are covered. 


51. Bearing Selection Guide 


Thomson Industries, Inc., Bearing Dept.— 
Bearing application evaluation chart lists 17 
basic performance and application elements to 
be considered in bearing selection. Various 
types of bearings can be listed with regard 
to application, the one with the highest num- 
ber of favorable ‘‘checks’’ being indicated as 
the one to be used. 


52. Rubber Sealing Ring 

Minnesota Rubber & Gasket Co.—A _ four- 
lipped rubber seal that resists spiral twist, 
the Quad Ring, is described in available lit- 
erature. Detailed information is given on 
applications, engineering features and char- 
acteristics. Cross-sections illustrate behaviour 
under various pressures, Sizes, dash numbers 
and tolerance variables are listed. 


53. Worm Gear Jacks 


Duff-Norton Mfg. Co.—Worm gear jacks, 
described in illustrated 8-page bulletin AD-34, 
are used as components of machines 
and equipment for control of linear motion, 
applying pressure and resisting impact. Two 
or more can be connected to raise or lower in 


unison. Units are offered for capacities ‘rom 
5 to 35 tons, 3 to 25-in. raises and 8:1 to 
96:1 worm gear ratios. 


54. Magnesium Plate & Sheet 

Brooks & Perkins Inc.—Use of magnesium 
plate and sheet to reduce weight is covered 
in 4-page data bulletin. Comparative prop- 
erties are given in chart form for mechanical 
properties and weights of typical struciural 
metals. Range of company sheet and plate 
magnesium products is also shown in tabie 
form. 


55. Packaging Materials 

Cincinnati Industries, Inc.—Design ngi- 
neers portfolio of Cindus packaging and in- 
sulating materials contains samples of various 
types and grades of X-Crepe, Elastikraft ané 
Corrucrepe. Information on application of 
these products is also given. 


56. Silicone Rubber Selection 

Dow Corning Corp.—‘‘Silastic Facts 9-3" 
is title of a 4-page data sheet containing ma- 
terial useful for selection of correct grade of 
Silastic silicone rubber for any given applica- 
tion. Properties of the various products are 
covered in detail and fabrication and applica- 
tion methods are shown. 


57. Bearings & Bushings 

O & 8 Bearing Co.—Osciliating, rotating or 
sliding movements where lubrication is dif- 
ficult or impossible can make use of Never0il 
nonmetallic bearings and bushings, described 
in 4-page bulletin 251. Application and de- 
sign information is included, 


58. Bimetal Disk Thermostats 

Stevens Mfg. Co.—Type A  bimetal disk 
thermostats including semi-and hermetically- 
enclosed types are covered in 2-page illustrated 
data sheet L-9070. Operating temperatures 
range from —40 to 400° F on semienclosed 
models. Sealed units can be used in explosive 
atmospheres or at high altitudes. Specifica- 
tions and other data are provided. 


59. Heavy-Duty Limit Switch 


R. B. Denison Mfg. Co. — Heavy-duty 
Loxswitch limit switch which features trigger 
type mechanism is described in 4-page illus- 
trated catalog ‘‘The Inside Story.’’ Made t 
JIC standards, switch is available with various 
types of operating lever arrangements. It is 
of single-pole double-throw double-break design. 


60. Magnetic pump 

Fostoria Pressed Steel Corp.—Magnetic force 
is used to rotate the impeller of the Dyné 
pump, It features stainless steel construction, 
motor and pump in one sealed unit and built- 
in low voltage and overload protection. Units 
in line deliver 5, 10, 15, 20 and 25 gpm. They 
are described and illustrated in 4-page bulle 
tin C 1053. 


61. Screw Thread Handbook 

Greenfield Tap & Die Corp.—64-page screw 
thread manual gives a wealth of da 4 or 
Unified and American screw threading Pro 
cedures and standards. Tolerances, hread 
measurement, limits, and suggested taj* 40 
tap drills are covered in detail for cx aplete 
range of thread sizes. All information ij given 
in quick-reference tabular form. Data ae = 
provided on tapping speeds and lubrican § an 
drilling speeds and lubrication, with re “eo 
to type of machine operation, mater! an 
feed. 


62. Steel Tubing. 

Higbie Mfg. Co., Avon Tube Div.— 1- page 
illustrated bulletin provides design da‘i 40° 
specifications on a line of Fusionwe! ste 
tubing. Product characteristics are e\ juated 
with respect to use in adverse operatins con- 
ditions. Various grades are available ir 4 full 
range of sizes from ¥ to %-in. OD. Tu ing * 
available ‘‘as welded’, annealed and i° hard 
drawn forms, and is characterized »b good 
ductility and strength, Uses are show: 
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BEFORE 


PROOF OF LOW MAINTENANCE 
On CLARK TYPE “CY” STARTERS 


These unretouched photos show contact tips from a CLARK 
Bulletin 7707 contactor—the contactor used in the standard 
Bulletin 6013 size 2 AC Motor Starter—as they looked 
before and after a year of hard use. 


The contactor is in service at Cleveland Hone and Manu- 
facturing Company, on a special transformer and rectifier 
circuit used in processing automotive parts. The tips shown 
right above were removed from the contactor after 12 
months of steady service, often operating as frequently 
as 5000 times per hour. 


Note that slight discoloration and minute pitting are the 
only evidence of wear. They require no cleaning, dressing 
or filing, and are in condition to give many more years 
of dependable service. 


The secret of long contact life in the CLARK Type “CY” 
Starter is its exclusive arc-quenching principle, using 
strong multi-turn magnetic blowouts and double-break 
contacts. Forced rotation causes the arc to move continu- 
ally on the contact surfaces, distributing the heat and pre- 
venting pitting or “build-up” at any one point. Result: 
extremely effective arc interruption, and greatly reduced 


wear on tips. CLARK Type “CY” Starters include 
many more features for dependable 
service and reduced maintenance, 


Write for descriptive literature. Let us tell you the complete story. 
ah 
lee CLARK Ee) CONTROLLER 


Engineered Electrical Control 1 | 1146 East 152nd Street . Cleveland 10, Ohio 
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Air, Hydraulic Cylinders 


Large capacity to size ratio, 
easily adjustable cushions, mini- 
mum friction consistent with seal- 
ing and corrosion resistance are 
among characteristics of series 750 
fluid power cylinders for air and 
hydraulic service up to 750 psi. 
Cushions have positive action over 
full stroke and allow immediate 
full flow on return stroke. Self- 
adjusting packings and bronze 
glands are fitted. Ground and 
polished rods are of alloy steel, 
and high alloy iron heads are cor- 


rosion-resistance treated inside 
and out. Piston is also treated 
for corrosion-resistance and is of 
one-piece construction, grooved for 
synthetic packings. Cylinders 
meet JIC standards. Made by 
Hanna Engineering Works, 1751 
Elston Ave., Chicago 22, Ill. 


For more data circle MD-63, Page 175 


Fluid-Coupled Speed Reducer 


Fluid-cushioned starting is in- 


corporated in this worm type 
speed reducer, which is adaptable 
to powering loads that require 
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smooth, gradual acceleration. In- 
stallation is facilitated by compact 
size and provision for 16 different 
mounting positions. Units are 
available in 4% and 1%-hp ratings 
in 66W frame size; 34 and 1 hp in 
204W frame; 1% hp in 225W 
frame; and 2 hp in 254W frame. 
Output speeds from 24 rpm 
through 140 rpm are offered. Units 
can be ring or foot mounted. Made 
by Reuland Electric Co., 3001 W. 
Mission Rd., Alhambra, Calif. 


For more data circle MD-64, Page 175 


Coated O-Rings 


Kel-F coated silicone rubber O- 
rings are resistant to aromatic, 
chlorinated or other solvents that 
normally attack silicone rubber. 
Coating does not affect low temper- 
ature properties of the silicone rub- 
ber, and the useful temperature 
range of the O-rings is approxi- 
mately —120 to 390F. Made by 
Bacon Industries Inc., 192 Pleas- 


ant St., Watertown, Mass. 
For more data circle MD-65, Page 175 


Self-Locking Nuts 


Added to line of Flexloc self- 
locking locknuts are series 32FE 
engine nuts for use where temper- 
atures do not exceed 550 F. Nut 
has integral metal washer face on 
seating side. This face, a 1/32-in. 
thick circular collar, can be ma- 
chined to closer tolerances than 
full seating face of standard Flex- 
loc nut. Squareness with pitch 
diameter is held to within 0.005- 
in. on sizes through 7/16-in. and 
to within 0.006-in. on }-in. 
diameter nuts. Series is offered 


in sizes from 0.190 to 0.500-in. di- 
ameter. Nuts are AMS 5024C al- 
loy steel and are cadmium plated 
for corrosion resistance. They re 
stop nuts as well as_ locknuts. 
Made by Standard Pressed Steel 


Co., Stewart Ave., Jenkintown, Pa. 
For more data circle MD-66, Page 17° 


Flexible Shaft Coupling 


Measuring 1-in. in diameter «nd 
11/16-in. long, Tinymite flexible 
shaft coupling permits 5 deg angu- 
lar or 1/16-in. offset misalignment. 
It fits 1,-in. diameter shafts. Coup- 
ling has nylon insulator and nickel 
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another successful product design 
with piping equipment by CRANE 


Inert gas can be generated at the rate of 18,000 c.f.h. in this variable capacity 
unit by Roots-Connersville Blower of Connersville, Indiana. This division of 
Dresser Industries Inc. is also recognized for rotary positive blowers for pres- 
sure and suction, gas exhausters and boosters, cycloidal pumps for handling 
viscous liquids, gas and liquid meters, centrifugal blowers and exhausters, 
and also vacuum pumps. 

Designing dependability into a wide range of equipment like this is a big job 
made easier when you specify Crane quality for the valves and fittings. The 
broad Crane line eliminates the need for selecting dubious alternates. And the 
complete Crane Catalog gives you full data for every piping item .. . sizes and 
dimensions, temperature and pressure ratings, plus details on materials and 
construction. Big reasons all, why Crane is the piping choice of so many 
product designers. 


ot 
\ 


MA, You'Lt FIND IT HERE 
= ..- IN YOUR 


“aamesst® 


Ce CRANE CATALOG 


+ 6% 
caaX _ 
each ’ 


THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES - FITTINGS + PIPE - 
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PLUMBING 


HOW TO GENERATE 7. GAS IN VOLUME 


aD | di 
: 


Crane 125-Pound Iron Body Wedge Gate 
Valve ...recommended for all services 
where greater strensta and long valve life 
are of prime importance. Body and bonnet 
are oval-shaped with extra metal where 
it’s needed most. Flanged patterns have 
tie-ribs between body and bonnet. Long 
guides assure proper seating of the solid 
web-type disc. An exceptionally deep stuf- 
fing box filled with high-grade packing 
provides a tight stem seal. Selection in- 
cludes all-iron or brass-trimmed valves in 
non-rising stem or OS&Y patterns. Sizes 
up to 48-inch. You can also specify OS&Y 
valves with brass seats and steel stem. 


THRIFTY 
BUYER 


HEATING 
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New Parts and Materials 





plated brass hubs. Applications in- 
clude manual controls, plug-in 
units, subminiaturization and low 
power transmission. Made by Ren- 
brandt Inc., 98 Kirkland St., Cam- 
bridge 38, Mass. 


For more data circle MD-67, Page 175 


Fractional-Horsepower Motors 


Suitable for general purpose, 
constant-speed applications, rede- 
signed line of 60 and 70-frame 
size compound-wound dc motors 
incorporates an enlarged terminal 
box and improved brush mounting. 
Larger terminal box, which has 
six-lead capacity to facilitate in- 
stallation, has not altered mo- 
tor’s basic dimensions. Rubber- 
mounted bearings have increased 
life and give quieter operation 
with less vibration, and the new 
brush assembly provides greater 
creepage distance, higher dielectric 


strength and improved aging char- 
acteristics. Motors also have die- 
cast aluminum fans. Operating at 
speeds of 1725, 1140 or 860 rpm, 
the motors are available in ratings 
of 44, % and %4-hp, and 115 or 230 
v. They may be operated at vari- 
able speeds by derating, or recon- 
nected for use as shunt motors, 
self or separately excited. Made 
by Specialty Component Motor 
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Dept., General Electric Co., Sche- 
nectady 5, N. Y. 


For more data circle MD-68, Page 175 


Sealed Bearing 


Available with either single or 
double seal, Guiderol bearing pre- 
vents contamination by dirt and 
retains lubricant. Seal, which is 
applied to stock bearings, consists 
of a metal stamping with a rubber 


“rind” bonded to one side. It is 
located in the outer race bore by 
means of a heavy press fit. The 
rubber is lipped to provide an in- 
terference fit with the shaft or 
inner race OD on which it is to 
operate. Made by McGill Mfg. Co. 
Inc., 909 Lafayette St., Valpa- 


raiso, Ind. 
For more data circle MD-69, Page 175 


Hydraulic Check Valves 


Two series of high-pressure, 
free-flow valves can be used on all 
hydraulic systems operating at 
pressures to 3000 psi. Mountable 
in any position, they are designed 
for fast opening and delivery of 
full line capacity with minimum 


pressure drop. Valves withstand 
the mechanical shock of continuous 
action of the poppet against the 
valve seat. CIS series valves, com- 
prising five models, are of cone 
type design with JIC flared tube 
connections which mate _ with 
Triple-lok sleeve and nuts. Crack- 
ing pressure is 5 or 65; rated flow 
ranges from 3 to 28 gpm; tube OD, 
from % to 1 in.; overall length, 
from 2% to 5% in.; weight, from 
0.313 to 1.612 lb. The five models 
of the CIT series are in-line cone 
type with internal IP thread con- 
nections. Cracking pressure is 5 
or 65; rated flow is from 3 to 28 
gpm; tube OD, from % to 1 in; 
length, from 3 to 5% in.; weight, 
from 0.206 to 1.500 lb. Made by 
Industria! Hydraulics Div., Parker 
Appliance Co., 17325 Euclid Ave. 
Cleveland 12, O. 


For more data circle MD-70, Page 175 


Sealed Limit Switch 


Hermetically sealed against oil, 
dirt and other foreign materials, 
switch is also unaffected by ex- 
treme temperature variations and 
moisture. Unit consists of a 
standard basic switch protected 


2) HERMey 


— 
All 
ume Sw eeALED 
ie. 


3| /ficm ae : 


by a sealed housing with integral- 
ly mounted actuator. Electrical 
leads are imbedded in a glass-to- 
metal header providing a positive, 
leak-proof seal to the connector. 
Tefion and silicone diaphragm is 
bonded in place by a mechanical 
seal retainer. All vital components 
are sealed in an inert gas. Elec- 
trical rating is 10 amp at 125 or 
250 v de; 10 amp at 28 v de in 
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IF YOUR PRODUCT 
DESIGN INVOLVES 
Te 


| arc 


\ a y) 
PUMPS # ' | 
' ba ‘ ; : 


€ 

& 
There’s only one best hydraulic pump for any job—and it’s 
PESCO! On thousands of hydraulic applications with capacities 
up to 60 gpm and pressures to 3000 psi, PESCO Pressure Loaded 
PUMPS have proved to be the one best answer to continuous 
— ste saan india DEPENDABLE PERFORMANCE 

en your requirement calls for dependable hydraulic per- 

formance with life-long peak efficiency, you'll want PESCO. CONTINUOUS nev? PUMP EFFICIENCY 
And when your problem involves hydraulic power, you'll want AUTOMATIC ADJUSTMENT FOR WEAR 
to make use of the outstanding PESCO Hydraulic Engineering ° 
Service—with specialists in YOUR hydraulic problems. It’s LESS UNIT <“ REQUIRED 
yours without obligation—simply call or write the Home Office, LOWEST LIFETIME COST 


Bedford, Ohio. Call or write the Home Office, Bedford, 
Ohio for full information on these out- 
standing PESCO PRODUCTS 
HYDRAULIC PUMPS + POWER-PACKAGES 
HYDRAULIC Motors + ELECTRIC MOTORS 

CONTROLS AND VALVES 


PRODUCING THE BEST IN HYDRAULIC EQUIPMENT AND ELECTRIC MOTORS 


PRODUCTS DIVISION BORG-WARNER CORPORATION 


24700 NORTH MILES ROAD . BEDFORD, OHIO 


MACHINE DESIGN—July 1954 





New Parts and Materials 





ductive. A variety of actuators 
is available to fit specific applica- 
tions, including roller actuator il- 
lustrated. Made by Electro-Snap 
Switch & Mfg. Co., 4218-30 W. 
Lake St., Chicago 24, II. 


For more data circle MD-71, Page 175 


Synchronous Motor 


Motor designated RBH-5425 is 
rated 1/12-hp, 115 v 60 cycles, 
1800 rpm. It has ball-bearing 
construction and is flange-mount- 
ed, designed for vertical operation 
with shaft up, but may be mounted 


in any position. Measuring ap- 
proximately 5% in. in diameter, 
motor is of the reluctance type, 
with squirrel cage rotor having no 
brushes or slip rings. Made by 
Holtzer-Cabot Motor Div., Nation- 
al Pneumatic Co. Inc., 125 Amory 
St., Boston 19, Mass. 


For more data circle MD-72, Page 175 


Air Control Valve 


Designed for use in the 35 to 
200-psi range for air and low-pres- 
sure hydraulics, Speed King sole- 


noid pilot-operated control valve 
is available in any voltage and 
cycle requirements. Totally en- 
closed valve meets JIC standards 
and has electrical junction box cast 
integral with pilot control housing. 
Pilot can be mounted in two posi- 
tions over the base and is universal 
to all assemblies. All parts are 
corrosion resistant, base being 
cast bronze and the pilot valve a 
zinc-base alloy casting. Two, three, 
four and four-way five-port (two 
pressure) models with pipe sizes 
from 1, through 1 in. are offered. 
Foot or manifold mounting is op- 
tional in all models except the two- 
pressure type. Made by Valvair 
Corp., 953 Beardsley Ave., Akron 
11, O. 


For more data circle MD-73, Page 175 


Vibration Damper 


Developed to provide the addi- 
tional damping required in many 
vibration control systems, this unit 
permits varying the amount of 
damping to fit the particular char- 
acteristics of a suspension system. 
Unit reduces the amplitude at 
resonance, resulting in lower 
forces being transmitted to the 


mounted equipment. Damping in 
any direction is provided. Made 
by Lord Mfg. Co., 1635 W. Twelfth 
St., Erie, Pa. 


For more data circle MD-74, Page 175 


Variable Speed Transmission 


Worm reducer assembly is avail- 
able as standard equipment in 
Graham 1/6 and 14-hp infinitely 
variable speed transmissions. Unit 
can be furnished with double out- 
put shaft extension as shown or 


with single shaft extension hori- 
zontal or vertical, up or down. 
Worm ratios of 5:1, 12:1, 23:1, 
45:1 and 60:1 provide range of 
speeds from 550-0 to 10-0 rpm. All 
speeds are selected by handwheel. 
Large ball bearings will take heavy 
thrust and overhung loads. Entire 
assembly of reducer, transmission 
and motor, is mounted with four 
bolts. Various types of built-in mo- 
tors are available, as are various 
controls, including remote electrical 
and pneumatic and hydraulic. Made 
by Graham Transmissions Inc., 


Menomonee Falls, Wis. 
For more data circle MD-75, Page 175 


Cam Clutches 


Self-contained, MC series gen- 
eral duty cam clutches for over- 
running, backstopping and index- 
ing drive applications include two 
ball bearings that maintain concen- 
tricity of inner and outer races. 
Units have alternate low wedge 
angle cam and roller construction. 
Tapped holes in both ends of clutch 
accommodate cap screws or studs 
which attach sprockets, gears, pul- 
leys or ratchet arms for drive re- 
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ALEMITE 
Accumeter 


provides automatic, fool-proof lubrication for the 
heaviest, biggest machines, operating under 
the toughest conditions ... indoors or outdoors! 


Picture a machine under the toughest 
job conditions you can imagine. Where 
bearings operate under the worst condi- 
tions—in dust, rain, fumes, grit—even 
completely immersed. Here, ordinary 
manual lubrication methods would be 
costly—man-hours would be wasted and 
production time lost while the machine 
was shut down for lubrication. 

If you were designing this machine, 
what method could you specify to make 
sure every bearing would always be 
properly lubricated? 

Here’s the answer—Alemite Accume- 
ter, the valve that is far more dependable 








sealed system delivers an exact amount 
of lubricant where it is needed at ezx- 
actly the right time—while the machine 
is in operation! Time, maintenance and 
production costs drop—while output 
soars! No wonder more than 95% of all 
major plants buying machine tools spec- 
ify centralized lubrication! 

And Alemite Accumeter Systems are 
easy to design inte any machine—and 
there is a system ready to solve any ma- 
chine lubrication problem. Find out 
about these automatic systems now. See 
for yourself the tremendous savings and 
efficiency they allow you to offer when 


“| than any man. This simple, completely you specify automatic Accumeter. 


HAND 
PUMP 


REVERSING 
VALVE 








offers all these advantages! 


@ Eliminates shut-down time for lubrication. 
Adds productive time to machine output. 


@ Seals completely against dirt, grit, fumes, 


Type Il Accumeter Valves water all the way from “barrel to bearing.” 


@ Prevents bearing troubles due to neglect or wrong lubricant, 


Each serves two bearings. In four sizes delivering from 
010 to 500 cubic inch of lubricant. Adjustable 


no springs. Completely sealed system serves 


@ Services all bearings—including those inaccessible 
or dangerous—in one operation. 


Fully 
hydraulic 
up to 600 bearings. Manual or power operation 


@ Avoids work spoilage and bearing 
repairs due to over-lubrication. 


Fre@ — Alemite Accumeter Catalogue 


ALEMITE, Dept. 8-74 
1850 Diversey Parkway, Chicago 14, Illinois 


factory tested—field proved 
Exhaustive, in-the-field tests show no appreciable varia- 
tion in the amount of lubricant discharged after 73,312 
lubrication cycles. Equal to 122 years of twice-a-day 
service! 




















REG. U. S. PAT. OFF, 
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quirements from 60 to 545 Ib-ft. 
Models MC-4000, MC-5000 and MC- 
6000 are respectively rated 60, 95 
and 195 lb-ft for indexing; 120, 
190 and 380 lb-ft for overrunning; 
and 165, 270 and 545 lb-ft for back- 
stopping. Made by Morse Chain 
Co., 7601 Central Ave., Detroit 10, 
Mich. 
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Miniature Solenoid Valve 


Measuring 4,', in. high, less than 
3 in. long and 2 in. deep, this four- 
way solenoid valve operates at a 
maximum of 400 cycles per minute 
within the pressure range of 10 
to 125 psi for ac and to 50 psi for 
de. It handles air, water, light oil 
and other noncorrosive gases and 
liquids at temperatures to 212 F. 
Pipe size is %%-in.; orifice diam- 
eters are ,,-in. inlet, ,',-in. ex- 
haust. Standard valve has NEMA 
type I enclosures with %-in. diam- 
eter clearance holes for standard 
'4-in. conduit. All enclosures can 
be rotated 360 deg. Valve body is 


of forged brass, and all metal parts 
in contact with fluid are either 
brass or stainless steel. Valve is 
packless with integral crown seat 
and nylon disks for tight seating. 
Poppet type seats and disks pre- 
vent sticking. Valve is available 
with standard, watertight or ex- 
plosion-proof solenoids. Power con- 
sumption is 10 w; standard volt- 
ages are 115 or 230 v, 60 cycles ac; 
115 v de. Other voltages and fre- 
quencies can be obtained. Made 
by Automatic Switch Co., 391 Lake- 
side Ave., Orange, N. J. 
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Lightweight Locknuts 


Four lines of ESNA locknuts 
have been redesigned to effect a 


savings in weight. Type ZA1W 
nuts, upper left in illustration, are 
made in two series—for use to 800 
and to 1200 F. Bodies are made of 
higher strength stainless steel 
than that used for lighter, weld- 
ed-on base. Weight has been re- 
duced about one-third from previ- 
ous design. High-strength alumi- 
num alloy is utilized in Blue J 
series nuts, which meet strength 
specifications for steel nuts but 
weigh an average of 65 per cent 
less. Illustrated at upper right is 
one of the series, which includes 
hex nuts, fixed and floating an- 
chor nuts and gang channel nuts. 
Type LH is for service to 550 F. 
Available in fixed anchor nuts, 
floating anchor nuts (illustrated 
lower left), and gang channel nuts, 
these fasteners have the load-car- 
rying area separable from the 
locking section, which is nondam- 
aging to bolt or nut threads. Type 
Y steel nonfixed nuts, lower right, 
are currently available in sizes 
from 10-32 through 5s-18. Double 
hex design reduces distance across 
flats without sacrifice of strength. 
Nut is about 25 per cent lighter 
than previous design. Made by 
Elastic Stop Nut Corp. of America, 
2330 Vauxhall Rd., Union, N. J. 
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Variable Speed Drive 


Completely redesigned fraction- 
al-horsepower Vari-Speed Moto- 
drives are available in 44, 144, % 
and %4-hp sizes in speeds from 3 
to 4660 rpm with 2:1 to 10:1 ra- 


tios between maximum and mini- 
mum speeds. The smaller, more 
compact units are available in 112 
different assemblies to meet vari- 
ous space requirements and in 
horizontal, vertical and 45-deg 
models. Output shafts can be on 
the motor side, opposite the mo- 
tor or vertical down. Spiral groove 
lubrication system provides com- 
plete lubrication of all sliding sur- 
faces. An overflow outlet carries 
any excess lubricant away from 
disk faces and V-belt. In addi- 
tion to the standard handwheel, 
which can be located in six dif- 
ferent positions, units are also 
available with extended handwheel 
control, electric remote and me- 


chanical automatic control. Made 
by Reeves Pulley Co., Columbus, 
Ind. 
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Rotary Switch 
Designed for a wide variety of 


applications, 7551 series rotary 
snap switch is manually operaied, 
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YOU SAVE WHEN YOU USE 


“na 


| Q| LITE FINISHED MACHINE PARTS 


y 


6) Cure... these intricate parts can be machined 


out of solid metal. That’s the expensive way. eo 








But... these FINISHED MACHINE PARTS are 
being made by OILITE at a Fraction of the Cost. 


Oilite Finished Machine Parts serve the same Recent achievements by Oilite Research 
purpose as conventional “machined” parts. have materially broadened the scope and 
Their performance is just as good, often application of Oilite — Products of Metal 
better, because they can be self-lubricating Powders. 


and made to closer precision tolerances. AMPLEX 
DIVISION OF CHRYSLER CORPORATION 


Detroit 31, Michigan, Dept. D 


FIELD ENGINEERS, DEPOTS AND DEALERS 
THROUGHOUT UNITED STATES AND CANADA 


Oilite Products of Metal Powders Include: 
BEARINGS, FINISHED MACHINE PARTS, CORED AND 
SOLID BARS, PERMANENT FILTERS AND SPECIAL UNITS 
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measures 114-in. diameter and re- 
quires %4-in. depth behind the 
mounting panel. It is Under- 
writers’ listed at 3 amp, 125 v ac. 
Available in many circuit se- 
quences including tap and accumu- 
lative positions, it can be supplied 
with screw, solder or quick-con- 
nect terminals. Standard milled 
shaft diameter is 14-in., and shafts 
are available in any length. Mount- 
ing is by threaded stem and hex 
nut. Made by Ark-Les Switch 
Corp., 51 Water St., Watertown 
72, Mass. 
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Hydraulic Gear Pump 


High-pressure model 051002-110 
hydraulic gear pump will produce 
pressures to 2000 psi. Compact unit 


has a capacity of 11 gpm at 2400 
rpm with volumetric efficiency to 
94 per cent and mechanical effi- 
ciency to 88 per cent. It is recom- 
mended for intermittent or con- 
tinuous duty with oil temperatures 
to 150F. Made by Borg-Warner 
Corp., Pesco Products Div., 24700 
N. Niles Rd., Bedford, O. 
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Polyphase AC Motors 


Series 100 rerated polyphase ac 
motors in 1 to 30-hp class are built 
to new NEMA frame size-to-horse- 
power standards. In some models 
horsepower is double that formerly 
available in frames of the same 
size. Frames are rolled steel, and 
end plates are cast iron. Open, 
drip-proof motors and totally en- 
closed, fan-cooled motors are avail- 


188 


able in 182 and 184 frame sizes, 
rated 1, 14% and 2 hp at 1800 rpm; 
1144, 2 and 3 hp at 3600 rpm; and 
34, 1 and 114 hp at 1200 rpm. Drip- 
proof motors have bearing shields 
to keep out foreign matter and 
space for almost any standard 
bearing. Temperature rise within 
40C rating can be maintained. 
Totally enclosed, fan-cooled motors 
have pressed-metal guard to en- 
close the external fan. Cartridge 
type bearing enclosures allow com- 
plete disassembly without exposing 
the bearing. Motors are equipped 
with grease fittings and relief plugs 
and are rated 55 C temperature 
rise. Made by Howell Electric Mo- 
tors Co., Howell, Mich. 
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Transmission Belt 


New Poly-V Drive employs sin- 
gle, endless rubber Poly-V Belt, 
which has a series of parallel V 
ribs molded lengthwise around the 
inside circumference. Solid por- 
tion of the belt at base of ribs is 
reinforced with high-strength syn- 
thetic cords which run lengthwise 
and which are closely spaced 
across entire belt width. Sheave 
grooves mate precisely with belt 
ribs, and since the belt covers the 


full width of the drive member, 
load is distributed equally over the 
driving surface. Belt is available 
in No. 187 and No. 375 cross sec- 
tions, two sizes which meet all 
drive requirements from 3-in. pitch 
diameter sheaves and 50-in. belt 
pitch lengths. Made by Manhat- 
tan Rubber Div., Raybestos-Man- 
hattan Inc., Passaic, N. J. 
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Subminiature O-Rings 


Subminiature O-rings and other 
microscopic rubber parts for vari- 
ous industrial applications are 
available in sizes as small as 0.010- 
in. cross section and 0.020-in. ID, 
produced by injection molding. 


Typical applications are in watch 
cases, butane gas lighters, elec- 
tronic cables, water injection car- 
buretor nozzles, small switches and 
miniature air valves and controls. 
Properties are the same as for 
larger counterparts. Made by Min- 
nesota Rubber and Gasket Co., 
Dept. KP, 3630 Wooddale Ave., 


Minneapolis 16, Minn. 
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Magnetic Fluid Clutch 


Application of direct current to 
coil of model 731B magnetic fiuid 
clutch transmits torque up to 50 
Ib-in. It utilizes grease-like lubri- 
cant in which fine magnetic par- 
ticles are suspended. Varying ‘he 
current causes fluid to stiffen in 
proportion to the current. This 
varied torque is much like the 
varied clutch pressure of a con 
ventional clutch. Direct current 
may be derived from a vacuum 
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, ee oe individually Designed 
Pulpit type power uni : ie 
provides full visibility, : to Meet SPECIFIC Needs 


easy accessibility. 











ICKERS. 


Custom Guilt 


HYDRAULIC 
Compact power unit show- 
ing gasket-mounted valves. U Ni iTS 








DEPENDABLE PERFORMANCE 
IMPROVE AND SIMPLIFY DESIGN 


Portable power unit for 


rng ps, REDUCE INSTALLATION 
COST AND TIME 


EAStER SERVICING 


BETTER APPEARANCE 


Vickers engineers approach the design of a custom- 
built hydraulic power unit from the standpoint of 
the customer’s INDIVIDUAL needs. The sole objec- 
tive is to meet HIS requirements with the best 
hydraulic "package". This assures the most compact, 
efficient and convenient hydraulic equipment for 
the particular machine. 


fo pen ge ae A Vickers Hydraulic Power Unit includes all 
necessary pumps, valves, intermediate piping, 
oil reservoir, motors, controls, etc., as well as all 
hydraulic accessories (oil filters, air cleaners, 
oil level gauges, fittings, etc.). Hydraulic connections 
can be grouped in a convenient manifold. 


In addition to the advantages mentioned above, 
each Unit is pretested at the factory and ready for 
immediate operation. Vickers undivided responsi- 
bility for the entire hydraulic control system is also 
an important feature to both the machine builder 
and his customer. Write for Bulletin 52-45. 











VICKERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1430 OAKMAN BLVD. « DETROIT 32, MICH. 


e ATLANTA - 


Power unit for hydraulic control 
of electric furnace. 








ENGINEERS AND BUILDERS OF omm: MYDRAULIC EQUIPMENT SINCE ea 7 
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=. « » for Machine tools and 
other applications 


Modern industrial electronic engineering has been coordinated 
with electric motor design to provide a versatile means for ob- 
taining the full possible advantage of speed control in DC 
motors while operated from the regular alternating current 
power line. Grid controlled ““Thyratron” tubes are utilized for 
power conversion in controlled stepless variation to supply 
motor armature power. Patented feedback, or “Servo”, circuits 
provide constant torque capability over wide speed ranges of 
as high as 60 to 1 in some models and a minimum of 20 to 1 
in others. Speed changes may be made while in operation from 
points remote to the motor installation. Standard models in 
ratings up to and including 3 horsepower are available for 
prompt delivery. 
Your application problems for manual or automatic models will receive 
the prompt attention of our sales engineers. 


DIV. of ELECTRO DEVICES, Inc 
4 Godwin Ave Paterson, N. J 


| New Parts 





tube or rectifier source. At the 
maximum recommended speed of 
800 rpm, clutch can transmit up 
to 475 w or 2/3-hp. Unit has ball 
bearings and fluid seals. It weighs 
314 lb and measures 314 in. in di- 
ameter and 3 49/64 in. long. Made 
by Raymond Engineering Labora- 
tory Inc., Smith St., Middletown, 


Conn. 
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Universal Joint 


Miniature, lightweight constant- 
velocity Rzeppa universal joint has 
an adjustable length shaft. Angu- 
larity of the joint is 0 to 40 deg, 
depending on speed and torque. 


Compact unit delivers a uniform 
flow of power. Made by Gear 
Grinding Machine Co., 3901 Chris- 
topher Ave., Detroit 11, Mich. 


For more data circle MD-86, Page 175 


Aluminum Solder 


Core of AluTin 51 solder for pro- 
duction, filling, sealing and repair 
operations upon wrought and cast 
aluminum alloys is a liquid flix 
with good wetting properties. It 
reduces surface tension and per- 
mits the alloy to spread and flow 
out wherever the flux has wet te 
surface. Accelerated tinning action 
facilitates bonding and permits 
high strength, porosity-free ® 
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SALES REPRESENTATIVES 


J. NEILL ARMSTRONG 
Westmont, New Jersey 
BECKETT-HARCUM CO. 
Willmington, Ohio 


GILMORE SALES COMPANY 


Detroit, Michigan 
NEIL GROOM 
dg Ont., Canada 
HACKETT BROS., INC. 
No. Manchester, indiona 
H. C. HALBERT 
Atlanta, Georgia 

H. U. ROGNESS INC. 


Mi 





IND. SALES & ENGR. CO. 


Houston, Texas 


IND. SALES & ENGR. CO. 


Tulsa, Oklahoma 
KNOX, INC. 

East Walpole, Mass. 
H. D. MACRAE 
Rochester, New York 
JAMES E. McSHANE 
Phoenix, Arizona 


or oversize rods. Completely i inte 


THE MERCER COMPANY 
AAI iL Wi: 2, 





WALTER NORRIS ENGR. CO. 


Chicago, illinois 
PNEUMATIC ENGR. CO. 
West Hartford, Conn. 

P. W. RICE 

Cleveland, Ohio 

THE RODEN COMPANY 
Cranford, New Jersey 

THE RUCKER COMPANY 
Oakland, California 

THE RUCKER COMPANY 
Seattle, Washington 

THE RUCKER COMPANY 
South Gate, California 

T. H. SCAFFE 

St. Lovis, Missouri 

SINTES SALES ENGR. 
New Orleans, Lovisione 
ROBT. TAYLOR & SON 
Salt Loke City, Utah 


able parts, Write for FREE ¢ 
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The technical training, experience, and resourcefulness of 
O-M Field Engineers is available to any manufacturer who 
has an Air or Hydraulic application problem. 


In many cases the recommendations of these specialists 
result in improved design, more efficient machine 
performance and economies in production. 


The O-M Field Engineer in your area would welcome an 
opportunity to discuss your Air and Hydraulic applica- 
tions with you on an engineering level, in your plant. 
Simply contact any of the O-M Representatives 
listed in this advertisement or mail the 

coupon below. No obligation, of course. 


ae & . and 0-M CYLINDERS 


fit where others won't! 


ORTMAN- MILLER MACHINE COMPANY 
1210 150th Street, Hammond, Indiana 
(_] Have representative call 
[_] Please send latest O-M Catalog [_] Complete Templates 
Name Position 
Company 


Address 











City 











Automatic Lubrication 


When you design a machine to in- 
clude Bijur Automatic Lubrication 
as an integral component, the user 
profits many ways. Costly hand oil- 
ing is eliminated. Repair bills are 
substantially reduced. Productive 
capacity is increased because ma- 
chines are lubricated while in oper- 
ation; downtime is reduced. Every 
bearing receives the right quantity 
of oil at the right time. There are 
no starved or flooded bearings. In 
your customer’s plant, safety is in- 
creased; fire risk is lessened; per- 
sonnel injuries are avoided. All this 


<B> Biyur 
LUBRICATING CORPORATION 


adds up to greater sales appeal for 
your machines. 


For more than a quarter of a cen- 
tury, machine manufacturers have 
looked to Bijur as the accepted 
standard of automatic lubrication. 
Well over a million Bijur Systems 
have already been installed. Let 
Bijur design a custom-engineered 
lubrication system for you, to fit 
machines now in production or in 
the planning stage. 


Literature and engineering data 
are yours for the asking. 


@z360 


Rochelle Park, New Jersey 


once. in Ariilomialic lubrication 


New Parts 





posits. Melting range is between 
400 and 500 F and tensile strength 
is up to 7000 psi. Any type of 
heat source may be used, including 
soldering iron. Alloy can also be 
used on steel and other metals. 
Made by Eutectic Welding Alloys 
Corp., 40-40 172nd St., Flushing 58, 


N. Y. 
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Locknut 


Designed for insertion in a 
countersunk hole, solid metal lock- 
nut is of slotted cone shape at 
one end and is a splined cylinder at 
the other end. Nut is partially or 
completely seated and held in po- 
sition by force-fitted splines. After 
insertion of bolt, locking action is 
effected by pressure of the sector 
threads forced against the bolt by 
interference of the countersinks. 




















Locking action is not affected by 
high temperatures, and nut re- 
mains in position and retains lock- 
ing action after removal of bolt. 
Nut is available in all metals and 
all standard thread specifications. 
Made by Allmetal Screw Products 
Co. Inc., 821 Stewart Ave., Garden 
City, L. L, N. Y. 
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Rotary Solenoid 


Model BD4 Ledex rotary solenoid 
measuring 1,%, in. in diameter, is 
available in 25, 35, 45, 6714 and 
95-deg rotation models either clock- 
wise or counterclockwise, with 
starting torques to 5.39 Ib-in. In 
operation, the magnetic pull moves 
an armature along the solenoid 
axis, this linear action being con- 
verted into rotary motion Dy 
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7) AIR CYLINDERS 


iRD In “Custom-Built" and "Stock" Model: 
rae) M - vr L A if ia ) immediate Delivery on "Stock" Models 















ST 8) N R @) DS Take your choice! ... Get Miller quality 
‘ : famous “Custom-Built” Air Cylinder 

vent NYol deh folsed lol iilolol-¥ available on normal, scheduled deliver 
in an infinite selection of bore-and-strok 


ks and Rust combinations in 14 standard mountings.. 


... Or get identical quality “Stock” Mille 
Air Cylinders ready for immediate shit 
ment to you in these popular sizes, stroke 
and mountings... 


NON-CUSHIONED: 2”, 2%”, 4”, and 6 


RT WI! P E R $ E A L b) ; bore sizes, each available in 2”, 4”, 6”, 8 


tect Rods, Seals, Bushings - eae a 
ej CUSHIONED BOTH ENDS: 2°, 3%", 5 

and 8” bore sizes, each available in 3”, 5’ 

7”, 9” and 13” stroke lengths. 

“Stock” Cylinders are base Model A5 


with foot, flange, and pivot mounting at 
tachments available as desired. 


NOTE: “Stock” Miller Hydraulic Cylin 
ders also available! 


Write For Complete "Stock" Lis 





LID STEEL HEADS, 
PS and MOUNTINGS 


ninate Breakage 








RASS BARRELS ~‘ 


WWM Att melile Mm Q@elagetiieli 








MET J.1.C. PNEUMATI' 
STANDARDS years befor 
their adoption in 1950. 

WRITE FOR CYLINDER BULLETINS A-105 and H-104 


Complete Miller cylinder line includes: air cylinders, SPACE-SAVING SQUAR 


1%” to 20” bores, 200 PSI operation; low pressure hy- 

draulic cylinders, 1/2” to 6” bores for 500 PSI opera- DESIGN originated by Mille 
tion, 8” to 14” bores for 250 PSI; high pressure hydraulic . 

cylinders, 1¥2" to 12” bores, 2000-3000 PSI operation. m 1945. 

All mounting styles available. 





MILLER FLUID POWER CO. 


(Formerly MILLER MOTOR COMPANY) 





SALES AND SERVICE FROM COAST TO COAST 


oe * YOUNGSTOWN « DAYTON e PITTSBURGH e PHILADELPHIA « 
“HARTFORD * NEW YORK CITY « BUFFALO « ST. PAUL * GRAND 
* DETROIT « FLINT * FORT WAYNE e SOUTH BEND e INDIANAPOLIS 
Mj ‘ 
rE e LOUISVILLE « KANSAS CITY « SEATTLE * LOS ANGELES « 2006 N. Hawthorne Ave., Melrose Park, Ill. 
WOMANCISCO * BALTIMORE « DENVER « ST. LOUIS « MOLINE « CHICAGO 
ON « TORONTO, CANADA and OTHER AREAS AIR & HYDRAULIC CYLINDERS BOOSTERS 
! o 


COUNTERRALANCE CYLINDERS 












ACCUMULATG 
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means of ball bearings on inclined 
races. Resulting rotary snap-ac- 
tion power is harnessed with a 
minimum of linkages. Made by 
G. H. Leland Inc., Dayton 2, O. 


. F ircl D- 1 
Here’s a “miracle drug” or more data circle MD-89, Page 175 


proved throughout industry! 
R. for all threaded , . 
fastening troubles: Bearing Oil Seal 


Heli-Coil* Screw Thread Inserts. 





Bearings of agricultural and 
other heavy duty equipment are 
protected from extreme dirt and 
dust conditions by the Triple-Lip 
Syntech seal. Unit consists of 
three identical lips of synthetic 
rubber bonded to steel washers 





These 18-8 stainless steel or phosphor bronze Heli-Coil Inserts 
give you a minimum of 25% greater loading strength... your 
threads will never seize, corrode, or gall...you save space, 
material and money because you can use fewer, smaller, shorter 
fastenings and lighter, cheaper materials...and smaller bosses 
and flanges. 
It will pay you to investigate the many advantages Heli-Coil 
Screw Thread Inserts offer. Write today for full information, 
free samples and, if you wish, the assistance 


of a Heli-Coil Thread Engineer. 
and enclosed in a rigid steel outer 


case. Design keeps seal torque 
low, simplifies flush lubrication 
and enables the seal to handle 

| large amounts of shaft runout 
* Reg. U. S. Pat. Off. | and misalignment. Seals also re- 

OF ee ee ee ae duce frequency with which lubri- 


HELI-COIL CORPORATION cation is required. Made by Na- 
127 SHELTER ROCK LANE, DANBURY, CONN. tional Motor Bearing Co., Broac- 
way at National Ave., Redwood 


City, Calif. 
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Heli-Coil Inserts conform to official Mili- 
tary Standards MS-122076 (ASG) through 
MS-124850 (ASG) and others. 


[] Send samples and Bulletin 689 — Military Standard Sheets. 
C) Please have a Heli-Coil Thread Engineer call. 


_ Miniature Clutches 


TITLE 





COMPANY_ 








Series of miniature clutches for 
ADDRESS overrunning, backstopping and in- 

! dexing consists of four mode!s 
which have all the characteristics 


I 
i 
! 
! 
C) Send samples and Catalog. i 
! 
! 
! 
! 
l 
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tase Here’s what we mean by SUPERIOR 


History 


"roe =ENGINEERED FOUNDRY PRODUCTS... 


CONVENTIONAL CASTING SHAPE... 


1. Had critical stress concentration. 










CONVENTIONAL 
DESIGN 




























ed 2. Had load carrying capacity of 1,450 pounds; 

c- was inadequate for service requirements. 

. 3. Was dimensionally unstable. 

7 4. Was conducive to poor quality. 
Strain pattern 
showing stress 
concentration. 
fo p- 

d SUPERIOR FOUNDRY ENGINEERED DESIGN uti- Ar y ie 

e lized the inherent advantages of the cast process | fie 

d and developed a proper shape for improved func- d/ aes 

p tion, strength, castability. The new design, based 0 p 3 San ie ae 

if on the results of experimental stress analysis, re- — ’ 

c quired the addition of only a few ounces of metal 

S at strategic points. 
SUPERIOR’S 

. ENGINEERED 


PROPER CASTING SHAPE... 


1. Has reduced stress concentration 65.9%—has 
obtained uniform stress distribution. 







2. Has load carrying capacity 2.5 times greater. 





3. Is dimensionally stable. 
Strain pattern 


4. Assures quality, at no increase in cost. showing uniform 
stress distribution. 

SUPERIOR’S PRODUCT DEVELOPMENT SERVICE is 

here to help solve your design problems, to help 

save you time and money. This service develops 

the best design for your parts. 


SUPERIOR'S PRODUCT DEVELOPMENT SERVICE 
deals with FACTS not OPINIONS, so why not take 
advantage of this service to make even your BEST 
products BETTER. 























Mcke your parts Superior Engineered Foundry 
Products... malleable iron castings to 300 pounds 
-.. Steel castings to 30,000 pounds. 


Contest sponsored by the Steel Founders Society of 


Have you entered the first annual Product Development 
America? We'll be happy to send you the details. 








CHICAGO 4, Railroad & Industrial Products Co., 332 S. Michigan Ave. 
DETROIT 7, Sales Engineering Corp., 955 E. Jefferson Ave. 

BUFFALO 21, Gibney-Decot Corp., 2107 Kensington Ave. 

CLEVELAND 14, C. A. Lapp & Co., 1404 East 9th Street 


7-777) SUPERIOR STEEL AND MALLEABLE CASTINGS CO. 






SALES OFFICES: 




















INTAAT L 
Hear vi iGaES Makin i i 
a SZ OP SIRS ing Good Castings for Quality- 
ts BENTON HARBOR, MICHIGAN, U.S.A. Conve. reaste sine tote 
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aye) e)iterclikeyats 


bhaleneabiicton: 
R A NEW COLOR TELEVISION CAMERA 


gives Camloc fasteners another 
chance to prove their versatility 


ter quarter-tur 


wherever panel 


grip and quick release. 


Write for our illustrated brochure 


erepest-bbebbele mel -s-1e0 eb ola ome bel lo) seet-Lileseme) 


<amtLoc 


FASTENER CORPORATION 


37 Spring Valley Road, Paramus, N. J. 


WEST COAST OFFICE: 5410 WILSHIRE BLVD., LOS ANGELES, CAL. 





New Parts 





of the full complement sprag prin- 
ciple. Clutches have been stand- 
ardized and combine small size 
with high torque capacity. Stand- 
ard bore sizes are 14, % and 14-in. 
Made by Formsprag Co., 23601 
Hoover Rd., Van Dyke, Mich. 
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Sealed Limit Switch 


Heavy - duty precision _ limit 
switch, designated 51MLI, can be 
used where dust, dirt, abrasives or 
liquids are present. Entire hous- 
ing, including the operating head 
with actuator and return mech- 
anism, is sealed. Unit’s die-cast 
enclosure also provides protection 
for the replaceable switching unit. 
Switch may be mounted in almost 
any position in relation to the 
means of actuation. Operating 
head is adjustable to any of four 
horizontal positions, and the roll- 





AR HONE: 9 lio 0 pale diii™ 


ANIUM RINGS 


... Sure we Inake them 


In 1950 American Welding completed the first 
successful production flash butt-welding of 
the new wonder metal — Titanium Alloy. Since 
that time hundreds of Titanium components have 

been produced in our plant. 


If you use, or are planning to use, fabricated 
Titanium components, let our Product 
Development Division study your problem: 
Our factory is equipped to perform welding. 
machining, and fabricating of all types of 
ferrous and non-ferrous metals. 
Call or write us today! 


THE AMERICAN WELDING & MANUFACTURING COMPANY © waren * on1o 
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Planning With Woven Wire Conveyor Betts ? 


OFFICES 


198 


get to 


know your 


Cambridge man 


Every Cambridge Sales Engineer—both in the field and 
the home office—is thoroughly trained in every phase of 
wire belt engineering before he enters a customer plant. 


That means he’s equipped to give you complete, accurate 
advice and recommendations—based on our years of lead- 
ing the development and applications of woven wire con- 
veyor belts. You can be sure that the belt he recommends 
for you will give top performance, because every Cambridge 
belt is selected and fabricated to meet individual require- 
ments. No two belts are alike. The belt you buy is designed 
for you alone. 


Moreover, every step of belt fabrication at the plant is 
closely inspected to make sure the finished belt meets rigid 
specifications for size, mesh count and mesh opening. 


So, for complete satisfaction with belt performance—get 
to know your Cambridge man. He’s listed under ‘‘Belting- 
Mechanical” in your classified telephone book—or you can 
write direct for the name of our man nearest you. 





FREE CATALOG! 


Gives complete spe- 
cifications for Cam- 
bridge wire belts, 
provides you with 
background knowl- 
edge for discussion 


iF YOU'RE NOT USING 
WIRE BELTS let us tell 
you how they can boost 
production and cut costs 
by combining movement 
with processing, reducing . 
costly manual handling. ere your Cam- 
ridge Sales Engi- 
No obligation, of course. | cor. 











+—} METAL 4+ + SPECIAL 
+7 CONVEYOR? t METAL 
BELTS if TFABRICATIONS 


+ > 


IN LEADING 


Department N 
Cambridge 7, Maryland 


INDUSTRIAL AREAS 


New Parts 





er may be reversed on the arm. 
The roller arm may be adjusted 
to operate clockwise, counterclock- 
wise, or in both directions, and the 
actuator arm assembly is adjust- 
able through 360 deg to any of 870 
positions. Switch is Underwriters’ 
listed for 20 amp, 110, 220 or 440 
v ac; %-amp, 115 v dc; 14-amp, 
230 v dc; 3%4-hp, 110 v ac; 1% hp, 
220 v ac. Made by Micro Switch 
Div., Minneapolis-Honeywell Regu- 
lator Co., Freeport, IIl. 
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Power-Operated Valves 


Designed for actuating remotely 
located or automatically operated 
cylinders, two disk type power-op- 
erated valves are available in two 
and three- position types. They 


have free-floating piston move- 
ment; floating piston bar; pilot 
valves, permitting many inter- 
changeable control combinations; 
and power return to all positions, 
eliminating the use of springs. 
Valves are made of corrosion re- 
sistant materials and can be op- 
erated by air, gas, oil or water. 
They are built in % to 114 in. sizes 
for standard pipe connections. 
Made by Ledeen Mfg. Co., 1600 5. 
San Pedro St., Los Angeles 15, 
Calif. 
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Electrical Counter 


Electrical-reset Sodeco counte:’s 
are reset to zero in 0.4-second and 
are available in four or five-digit 
models. Standard models have 
counting speeds to 10 impulses per 
second, and special models are 
available with speeds to 25 im- 
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70 

rs’ . ? 

«|| Consolidated’s new 

Ip, 

P, “ 7 

0, Model 24-110 Qigi@wacad, 

u- 
For leak detection applications where the utmost in locations of leaks, and determining the rates of leakage. 
sensitivity is required, Consolidated’s new Model Outstanding features include: an audible alarm whose 
24-110 Leak Detector’ meets the most stringent re- sound-pitch varies with the magnitude of the leak; an 
quirements. The latest addition to the Consolidated accessory sampling probe for rapid pressure-system 

ly leak detector line is a modification of a high precision leak testing; a selector switch that provides six ranges 

d instrument built by CEC for the Atomic Energy Com- of sensitivity; a visual leak-rate meter capable of in- 

)- mission. Operating on the mass spectrometer principle dicating the presence of 1 part helium in 2,000,000 

0 made famous by CEC’s widely used Model 24-101A parts air. Compact, self-contained and mobile, Con- 








industrial leak detector, the sensitivity of the 24-110 
has been multiplied by a factor of 10 through ad- 
vanced electronic techniques. Its uses include testing 
of both evacuated and pressurized equipment, reveal- 
ing the existence or the absence of leaks, finding the 





solidated’s new Model 24-110 Leak Detector is a per- 
fect tool for highly critical applications such as 
detection in ultra high vacuum laboratory equipment, 
leak-checking of TV color tubes, and safety control in 
nuclear material manufacturing. 


Request Bulletin CEC 1838-X3 





Sales and Service through 













Consolidated Engineering Teale aL Ae tid thee CEC INSTRUMENTS, INC., a subsidiary 


CORPORATION TSH aA with offices in: Pasadena, Atlanta, Chicago, Dallas, 
300 North Sierra Madre Villa, Pasadena 15, California Detroit, New York, Philadelphia, Washington, D. C. 
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RESET TIMER 


| 
| 





pulses per second. If necessary, 
reset voltage can be different from 
the impulse voltage. Compact 
counters are suitable for flush 
mounting and measure 13% x 23% 
x 4%%-in. They are available with 
or without housings. Available 
from Landis & Gyr Inc., 45 W. 45th 
St., New York 36, N. Y. 
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INSURES ACCURATE 
PHOTOCOPYING ON 
REMINGTON RAND DEXIGRAPH 


Relief Valve 


ee: 
MCT 


1OCRS3B 


200 


An outstanding feature of this versatile photocopying machine 
is the Cramer Reset Timer, which controls exposures to split- 
second accuracy and ensures copy prints of absolutely uni- 
form quality. The Type RE Reset Timer is an ideal choice for 
this application. Its micrometer adjusting dial allows time 
settings to be changed easily and quickly; yet setting can be 
made to a high degree of accuracy. A double pointer system 
is used which indicates not only the time setting but also the 
time remaining during any particular cycle. The push-button 
for starting the timing cycle is right on the front of the timer; 
a flick of the finger controls the machine. The convenient 
one-hole meter-type mounting also makes for easy assembly 
in your factory. Note, too, how well the timer blends in with 
the design of the machine itself. 


Remington Rand is only one of the many large equipment 
manufacturers who look to Cramer when they have a prob- 
lem in time control. Cramer has a timer for almost any need, 
ranging from the simplest interval timers up to complex multi- 
circuit types. Why not consult Cramer for your timing needs? 


SPECIALISTS 


TIMING 


“7 


IN TIME CONTROL 


“74e R. W. CRAMER CO., %ac. 


BOX 6, CENTERBROOK, CONNECTICUT 


| 


For service at 50 to 1000 psi 
pressure in most gases and liquids, 
Circle Seal 5100 series valve is com- 
pact and lightweight. In-line con- 
struction facilitates mounting and 
provides good flow characteristics 
without pilot operation. Pressure 
drop increases slightly but regular- 
ly with increasing flow rate, stabil- 
izing the action and imparting 
smooth, quiet operation. An O-ring 
seal and a spring centering device 


which allows transmission of 
only axial force to the poppet, pro- 
vides sensitive operation combined 
with durability. Valve does not 
leak within 2 per cent of pres:t 
cracking pressure and reseats witii- 
out leakage within 5 per cent of 
the setting. Cracking pressure can 
be adjusted within +15 per cent of 
nominal pressure. Valve is avai!- 
able in either steel or brass with 
male inlet and female outlet pipe 


MACHINE DESIGN—July 1954 





PRODUCT DESIGN STUDIES « 




















NO. 59 


Appearance Improved, Assembly Simplified 
By Redesigning To Composite Fabrication 


tion which is resulting in lower costs and improved 
products through redesign to cast-weld or composite 
assemblies. 


This sheave mast housing is part of an oil well derrick. 
It goes on top of the mast on a spudding rig and carries 
the sheaves which handle the line used in drilling and 
working the well. 


Originally produced as a weldment, the manufacturer 
was enthusiastic about converting the structure to a 
composite assembly because of the great improvement 
in appearance. (Structure is a steel casting with two 
plates welded in the front and lower section.) 


Redesign also reduced the weight 10%, made the unit 
much easier to assemble, and increased durability and 


strength. 
8 * * * 


Here is another example of the steel foundry coopera- 


This service is offered without cost or obligation. It 
makes available through your foundry representative 
the full results of the developmentand research program 
carried on by the Steel Founders’ Society of America. 


Product Development Contest... 


Two awards of $1000 each and four other cash awards— 
a total of $3500. Entries to be new ideas or applications of 
steel castings, and case histories of new jobs put into pro- 
duction. Write for folder giving full information. 


Cleveland 15, Ohio 


Design and Build With Steel Castings 
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for control of 


yitele 4 and ei a Vale) | New Parts 


threads. Sizes 44, %, %, % and 

| 1 in. can also be supplied in stain- 

| less steel with Teflon seal. Made 

® A R RY ele NT | by dames-Pond-Clark, 2181 E. 
| Foothill Blvd., Pasadena 8, Calif. 
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Speed Reducer 


Expanded line of herringbone 
gear speed reducers in the range 
from 1 to 1950 hp is available in 
60 standard ratios ranging from 
1.27:1 to 355.8:1. All units are 
suitable for either coupled or over- 
hung load applications. Nine stand- 
ard shaft extension assemblies and 





’ two standard styles of bed plates 

You don’t have shock and vibration provide a wide variety of drive ar- 
problems every day — but when you do, a rangements. Units have precision 
you want them solved promptly. So you generated herringbone gearing of 
want the practical experience of men high hardness; symmetrical, bal- 
who’ve been spending all their time in of anced gearing and bearing arrange- 
this highly specialized engineering — * Pa | ment; antifriction bearings 
men who have most likely met and suc- | throughout; high-test alloy iron 
cessfully answered questions just like the housings; large openings for ir- 
ones that are bothering you. These men PRODUCTION FACILITIES include svch | snection and accessible oil drains 
are Barry engineers —= ready and able at ikon and oil level indicators. Made by 
to analyze your shock and vibration prob- | W. A. Jones Foundry & Machine 
lems, backed by a laboratory staffed and | Co., 4401 W. Roosevelt Rd., Chi- 
equipped to prove their solutions, and cago 24, Ill. 
served by model shops geared to produce ; For more data circle MD-96, Page 175 
your prototypes whenever you need them. 


You’ll save time, money, and trouble 
by using our design and prototype serv- -P? | Protective Coatings 
ice. Write today for Bulletin DP-54 : 

“This is Barry”. , | Applied in the same manner 4s 
sueding dees Raut eneans. 7” paint, Markal heat-proof protective 
coatings protect metal surfaces 
against scaling and corrosion at 
722 PLEASANT STREET high temperatures. Coatings are 
THE CORP. WATERTOWN 72, MASS. available for protection of metals 
against hot acids and mild alkalies, 
against corrosion and scaling at 
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AVAILABILITY 








A 
¢ |e 
! 


AVAILABILITY 


Buying convenience through 
a single source of hot-fin- 
ished and cold-finished car- 
bon steel tubing, produced 
in a wide range of grades 
and sizes. 





remember 








! 





you get all three with 


—3W 


SERVICE 


You can save through the 
dependable assistance of 
B&W Regional Representa- 
tives and qualified distribu- 
tors, trained to help solve 
fabrication problems and 
to assist in tube selection. 


is meant for you. 


THE BABCOCK & WILCOX COMPANY 


TUBULAR PRODUCTS DIVISION 


Beaver Falls, Pa.-Seamiess Tubing; Welded Stainless Steel Tubing 
Alliance, Ohio= Welded Carbon Stee! Tubing 





«" GARBON STEEL 


SEAMLESS 


MECHANICAL TUBING 


QUALITY 


Mechanical properties, ma- 
chinability, tolerances and 
surface finishes combined 
for ease of fabrication in 
your specific application. 





TA-4048 (CSM) 
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‘5 ~—s- Townsend made this automotive 
part at a savings of $18,000 per year 


Big savings turn up in unexpected 
places when you examine the cost 
of producing small parts and fas- 
teners. That’s what happened when 
a Townsend engineer suggested 
that this small spacer stud could be 
produced by the Townsend method 
of cold-forming at one-third the 
cost of the former method. Result 
—a cool $18,000 clipped from pro- 
duction costs and a tougher, 
stronger part. 

This is possible because the 
Townsend method is fast. And all 
the raw material went into the 
part, none was cut away as scrap. 
As a result, more pieces per pound 
of metal were produced, resulting 
in additional economy. 

Townsend parts have high re- 
sistance to shock and fatigue be- 
cause cold-forming increases ten- 


sile strength. The flow lines of the 
metal follow the contours of the 
piece instead of remaining in a sin- 
gle plane, as with machined parts. 
Cold-forming strengthens the 
threads and eliminates stock notch- 
ing. Close size tolerances and ex- 
cellent surface finish are character- 
istic of Townsend parts. 

As “The Fastening Authority,” 
Townsend produces 60-million 
pieces daily —regularly makes more 
than 10,000 special and standard 
fasteners and parts. With this ca- 
pacity and the experience of 138 
years of metal working to draw 
upon, Townsend engineers will help 
you reduce your material and as- 
sembly costs. Ask to have one of 
them call. For more information 
use the coupon below or write for 
illustrated bulletin. 


New Parts 





temperatures to 1850 F, and 
against scaling and oxidation to 
1200 F. Made by Markal Co., 3052 
W. Carroll Ave., Chicago 12, IIl. 
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Air Control Valve 


Available in %%-in., three or 
four-way models with two-position 
locking action, 600 series hand and 
foot-operated valves have single or 
double foot treadle and vertical 
or horizontal hand lever control. 


Valve is suitable for small air cyl- 
inder use on machines requiring 
easy operation, continous high pro- 
duction and compactness. Made 
by Ross Operating Valve Co., 120 
E. Golden Gate, Detroit 3, Mich. 
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Time Delay Relay 


Type F Silic-O-Netic time delay 
relay, combining the hydraulic- 
magnetic silicone operating princi- 
ple with plug-in construction, is 
compact, lightweight and hermet- 
ically sealed. An inert gas fill is 


Townsend 


COMPANY «+ ESTABLISHED 1816 


Sales Offices in Principal Cities 





in Canada: Parmenter & Bulloch Manufacturing Company, Lid., G que, Ontario 


TOWNSEND COMPANY 
Sales Department Name 
New Brighton, Pa. 


Please send without obliga- 
tion “Special Cold-Formed Street 
Fasteners and Small Parts” 
Bulletin TL-89. City one 








Company 
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Control knob and component parts for Automatic Electro- 
lux cleaner molded by Mack Molding Co., Arlington, Vt. 


PLASTIC DIAL TUNES IN A NEW SELLING POINT 


You turn this plastic dial knob on the 
new Automatic Electrolux vacuum 
cleaner to adjust the cleaner for the dirt 
condition of the locality in which it is 
to be used. When collected dirt threat- 
ens to lessen air flow, an automatic 
“brain” stops the motor and ejects the 
paper dust bag, sealed and sanitary. 
Put in a new self-sealing bag, and the 
cleaner runs with full power. 

The knob and its component parts 
that set the automatic “brain” are 
molded from BAKELITE C-11 Plastic, an 
acrylonitrile-styrene copolymer. This 
plastic has good impact strength, with- 


+ Ne nate 


FACE AND COVER for electric clock are 
BAKELITE C-11 Plastic, an acrylonitrile-styrene 
copolymer. Finely detailed, tough, brilliantly 
colored, they combine structural and decora- 
tive functions. Molded by Telechron Dept. of 
Generzl Electric Co., Ashland, Mass. 
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stands heat, and is resistant to oil and 
most chemicals. 

BAKELITE C-1] Plastics are readily 
molded into intricate, accurate working 
parts. Their dimensional stability is 
excellent. They can be sawed, milled, 
drilled, tapped. They have excellent re- 
sistance to soaps, detergents, most acids, 
alkalies, foods, and fruit stains. 

That's why so many industrial and 
consumer items can be improved in de- 
sign, sales and service through their 
use. Learn how they can fit your prod- 


uct by writing Dept. XP-52. 


EXTRA-STRONG CLUB HEADS are carved 
from densified wood produced by forcing’ 
BakELITE Phenolic Resins into wood cells. 
They resist moisture, temperature change, 
shrinking, cracking. Need no coating. Made by 
Albert S. Liebers Co., New York 7, N. Y. 


BAKELITE 


TRADE-MARK 


C-11 PLASTICS 


TRADE (B\ MARK 


BAKELITE COMPANY 


A Division of 
Union Carbide and Carbon Corporation 


30 East 42nd Street, New York 17, N. Y. 


In Canada: Bakelite Company 
Division of Union Carbide Canada Limited 
Belleville, Ontario 








TRANSLUCENT CEILINGS made from these 
formed Bake.irTe Rigid Vinyl! Sheet panels are 
suspended below fluorescent fixtures, diffusing 
glareless light throughout room. Light weight 
permits easy removal for cleaning. Made by 
Daylight Ceiling Co., San Francisco 7, Calif. 








DER 
ALUMINUM POW 
BRASS POWDER ° CADMIUM POWDER 


BRONZE POWDER - FILTER POWDER 
L COPPER POWDER 
y IRON POWDER , LEAD POWDER 
NICKEL POWDER - PHOSPHOR COPPER 
SILVER SOLDER POWDER. 
SPECIAL ALLOY POWDER 
TITANIUM POWDER 


TIN POW 
a DER ° ZINC POWDE 
NY, BISMUTH, CHROMI : 


MANGANESE AND SILICON 


Resaniten of the kind or type of Metal 
Powder you require, a single call to Metal 
Powder Headquarters brings an answer to 
your Powder Metallurgy problem and the 
powder to meet your individual requirements. 





This one-stop service and availability is yours 
by reason of MD’s long metal powder re- 
search and development dating back to 1916. 
Today, MD is the only metal powder manu- 
facturer making a complete line of metal 
powders. 


METALS DISINTEGRATING COMPANY, INC. 
Elizabeth B e New Jersey 





METAL POWDERS 
METAL PIGMENTS 
METAL ABRASIVES 


Plants: 
Elizabeth, N. J.; Manchester, N. H.; 
Berkeley, Calif.; Emeryville, Calif. 
1916 
SUBSIDIARY OF AMERICAN-MARIETTA COMPANY 


WORLD'S LARGEST MANUFACTURER OF FINELY DIVIDED METALS 


SOLDER POWDER | 


New Parts 





optionally available. The relay is 
provided with standard delay pe- 
riods from 1, to 120 seconds. Ar- 
mature and switch contacts and 
movable iron core, which is the 
complete time element, are the 
only moving parts. Core is her- 
metically sealed in a nonmagnetic 
metal tube extending through and 
beyond a solenoid coil. Relays are 
furnished with either octal-pin or 
solder-lug terminals for operation 
on 24 to 220 v ac or 12 to 125 v de. 
Contact capacity is 3 amp at 120 v 
ac or 1 amp at 50 v dc. Single-pole, 
single-throw; single-pole, double- 
throw; double-pole, single-throw; 
or double - pole, double - throw 
switching actions are available. 
Made by Heinemann Electric Co., 
572 Plum St., Trenton 2, N. J. 
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| Miniature Actuators 


High-torque rotary actuators 
measure 2 x 5 1/16 in. and have 
capacity of up to 2000 oz-in. 
torque, depending upon output 
speed. Voltage ranges vary from 
6 to 100 v. Units can be arranged 


4 Sis 


for different speeds, torques and 
degrees of angular rotation and 
can include reversing relays. They 
can be made for applications such 
as limit switches, dynamic brik- 
ing, slip clutches, follow-up pot: n- 
tiometers and speed governcrs. 
Made by Globe Industries Ivc., 
1784 Stanley Ave., Dayton 4, O 
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Variable Speed Drive 


Speed is varied by changing ‘he 
location of the counter-shaft »e- 
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TORQUE CAPACITIES: you'll get dependable, smooth 
power delivery when you specify 







FROM 


~ this 











































| or 
tion ' Maximum Torque 
de e Inch Pounds °. . t 
: K Series Continuous Hand U | J 
0 v K2R Series Load Operation niversa on $ 
ole, B K-1-C 350 2,000 
ble- m. K-2-A 350 5,000 FOR AGRICULTURAL, AUTOMOTIVE, INDUSTRIAL, MA- 
Ww n L6S Series 
am M LGN Series t 400 2,000 RINE AND CONSTRUCTION EQUIPMENT APPLICATIONS 
ble. ¢ 
00., Recommended Torque ; Need a moderately small universal joint on your next 
a | Rating, Inch Pounds i y 
: Needle Bearings project — for a hand-operated control rod, for example? 
L10S Series 650 Optional a ict 
BD OER Series 1,080 . q Blood Brothers has ict In fact, you can select from any 
oe —L14S Series 1,230 a $ of four Series — all widely used on farm implements, road 
@ i — 2300 ” & and construction machinery, tractor steering assemblies, etc. 
'% 35N_ Series 10,000 . 
¢ Or do you need a source for high speed joints and propeller 
ve e IN Sentes i aoe Ses ¥ Pa shaft assemblies for trucks, busses or other mobile equipment? 
in re Balanced for y Blood Brothers builds a wide selection of automotive assem- 
me ng = peas se Sa eee = blies with torque capacities to 70,000 inch pounds. 
- " sae 20,000 x 
4 38,000 " oe . 
ed ~ GoN 38.000 a 4 For really heavy work, look at the BW Series — for trans 
> oN 57,000 - mitting up to 1,400 H.P. with momentary loads reaching 
= saane ” i 500,000 torque inch pounds! It’s the largest commercial 





universal joint made —and Blood Brothers makes it. 





Maximum Torque 













“| : a ae B Thus, when you specify Blood Brothers, you can select from 
= BW Series Continuous Momentary é a 
a5 Load Load 4 a wide range of torque capacities... and be confident of top- 
Y, BW-12 1,020 4,450 rf quality universals that contribute dependability and smooth- 
- BW-1 1,695 7,500 ' , 
, BW-2 3,350 11,720 5 ness to your product’s performance. 
BW-3 4,450 16,800 } 
BW-4 5,080 22,900 










For details, contact Blood Brothers, stating your specific prob- 











» BW-5 8,640 34,200 

BW-6 11,620 60,000 lem. We'll be glad to cooperate with engineering suggestions. 
<  BW-7 28,600 150,000 "aos @ P 8g & sugg 

BW-9 89,300 500,000 











d *Extra shock-load capacity built 

d into all sizes. 

ry 
Petes amanda: 
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BLOOD BROTHERS machine division 


UNIVERSAL JOINTS Rockwell Spring and Axle Company 
AND DRIVE LINE ASSEMBLIES ALLEGAN, MICHIGAN 
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FURNAS ELECTRIC 


@ A Cost Saving Catalog of 
Electric Motor Control. 


@ Many New Control Items 
Listed. 


YOU SAVE 


with the right control for the job. 
Now with in-between sizes in the 
magnetic starter line, you buy and 
pay only for the capacity you need. 


The new catalog includes drum 
controllers designed for your re- 
quirements. These durable, eco- 
nomical controllers are for manual 
operation of reversing and multi- 
speed motors. Also time tested, de- 
pendable pressure switches for air 
compressors and water systems. 


> 
. 
® @-.s 
ee 
° 
eo a 
ot ws 


ile TODAY 


for this new catalog to 
help you save money when 
buying Electric Motor Con- 
trol. Furnas Electric Company, 
1045 McKee St., Batavia, IIl. 


Fu 
re RNAS = 


COMPany 














New Parts and Materials 





tween two fixed sheaves in this 
variable speed drive. The spring 
loaded belt face maintains correct 
belt tension in all speed positions, 
and full load carrying capacity is 
assured throughout the full speed 
range of 9 to 1. Unit uses stand- 
ard V-belts in both the 4-in. 34-hp 
and the 6-in. 144-hp sizes. Hand 
control is located away from belts 
and moving parts. Made by Speed 
Selector Inc., 118-U Noble Ct., 
Cleveland 13, O. 
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Spring Locknut 


Hi-Load spring locknut consists 
of a nut with a conical lower end 
that mates with a hardened steel 
washer to form a single assembly. 
Hoop expansion of the washer by 
downward thrust of the nut re- 
sults in a spring action which per- 
mits the nut to be deflected at a 
high spring load with relatively 
small deflection. Spring load is 
equivalent to the safe load of the 
bolt. Fastener attains designed 
load on the bolt without tighten- 
ing by a torque wrench and main- 
tains this load under a spring pres- 
sure so that any change in the 
bolted assembly is compensated 


for by the spring tension. Nut 
may be reused many times. Made 
by Morse Products Development 
Co., 211 S. La Brea, Los Angeles, 
Calif. 
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Heavy-Duty Engine 


Designated K660P, this heavy- 
duty, two-cylinder opposed engine 
is a direct-mounting model which 
is available with three different 
mounting pads and a variety of 
power take-off shafts. Power out- 
put ranges from 26.8 hp at 3600 
rpm to 15 hp at 1800 rpm. Gasoline 
powered and air-cooled, the engine 


is 22% in. long, 23% in. wide and 
27,9, in. high. Power take-off shafts 
are available in lengths to 6,%, in. 
Made by Kohler Co., Kohler, Wis. 
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Gasket Materials 


SE-370 and SE-380 silicone rub- 
ber compounds are claimed by 
General Electric Co. to exhibit the 
lowest compression set of ail 
known elastomers, over a wide 
temperature range to 500 F. Harc- 
er than the company’s similar SF- 
360 compound, the new materia's 
provide stiffer stocks more suii- 
able for sealing and gasketing ay- 
plications involving high pressures. 
Other characteristics include low 
shrinkage and low moisture ab- 
sorption. Applications include cz- 
pacitor and transformer bushings; 
O-rings, gaskets and seals for ai’- 
craft engines; and gaskets for rai!- 
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New Parts and Materials 





road, tractor and automobile en- 
gines. Made by Silicone Products 
Dept., General Electric Co., Water- 
bury, N. Y. 
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Small Switches 


Diamond H series 1400 switches, 
measuring 61/64 x 21/32 x 13/16 
in, are available with ratings to 
1% hp at 120 v, 2 hp at 240 v and 
to 25 amp at 120 and 240 v ac. 
Special ratings to 30 amp can be 
had. Switches may be equipped 
with dummy spade or screw ter- 
minals. Positive action results 



















from actuating a pivoted rocking 
arm with a spring-loaded, abrasion 
resistant and insulated roller to 
keep the contact mechanism under 
pressure in all positions and also 
provide a wiping action at both 
make and break. Toggle switches 
are available in single-pole, single- 
throw and single-pole, double-throw 
types, the latter in both two and 
three-position models as well as 
momentary on one or both sides. 
Pushbutton types are single-pole, 
off and on, and are also available 
momentary double-throw, no off. 
Screw, solder tab and pigtail ter- 
Mminals are standard. All standard 
mounting arrangements are avail- 
able with sleeve lengths from 11/32 
to 15/32-in. Made by Hart Mfg. 
Co., 110 Bartholomew Ave., Hart- 


ford. Conn. 
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Flow Regulator 


Combination by-pass and restric- 
tor type, pressure compensated and 
Nonadjustable flow regulator main- 
tains a constant flow when pump 
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output varies or is greater than re- 
quired for part or all of the system. 
Regulators used in series provide 
additional regulated circuits from 
one pump or power source. Re- 
strictive characteristic of regulator 
prevents overspeeding of the con- 
trolled circuit when pressure at the 
by-pass port is high; by-pass char- 
acteristic allows the pump to oper- 
ate at the pressure required in 
controlled circuit rather than con- 
tinuously spill over a relief valve. 
Made with hardened and ground 
sliding valves and hardened and 
honed sleeves, regulators are avail- 
able with 1, and %-in. pipe size for 
3000 psi service. Range of regu- 
lated flow settings is 14, to 6 gpm. 
Flow is only slightly affected by 
pressure, temperature or oil vis- 
cosity and will not vary more than 
+5 per cent as long as the fluid 
specifications are not materially 
changed. Made by Fluid Controls 
Inc., 1284 N. Center St., Mentor, O. 
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Tubing Joint 


Quickly assembled joint for 1 to 
5-in. OD tubing is available in eith- 
er stainless or cold-rolled steel. It 
is designed for coupling exhaust 
manifolds and exhaust piping 
joints, operating at normal inter- 
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What does 
ee S. B.” 


mean to you? 


Tosome, it means “Soap Box” 
...the proverbial platform 
for platitudes. But, to thou- 
sands of designers and manu- 
facturers, it means “Small 
Balls” by Universal, assuring 
true roundness and accuracy, 
so often despaired of in any- 
thing so microscopic. 


Naturally, we make the larger 
balls, too, but we hope you'll 
get to know us through our 
Small Balls . . . a Sure Bet all 
around. Give us a chance to 
tell the Universal story. 





o 
e | Universal 
®o | Ball co. 
o>) 
@° WILLOW GROVE 
MONTGOMERY CO., PA. 











BIG NEWS FROM STEARNS 
FOR MAKERS AND USERS 
OF FHP MOTORS 


Now! For the first time — 


Magnetic disc brakes for motors 


from 1/20 to 1/3 HP. 


Stearns now offers you a line 
of magnetic disc brakes to meet the 
new NEMA frame standards in a 
horsepower range never before covered 
with this type of brake — the 1/20 
hp. to 1/3 hp. range. Design engineers 
can now utilize the advantages of a 
spring-set, magnetically released 
brake in an entirely new field of mo- 
tor applications. 

This new 40 Series magnetic 


brake* is only 5 in. in diameter, less 
than 3-1/2 in. long, and has a torque 
range of from 6 lb. in. to 1 Ib. ft. It is 
designed for mounting on the standard 
NEMA C end bell for motor frames 
42-C and 48-C and is also available 
for floor mounting independent of 
motor. The brake incorporates all the 
design advantages which have made 
Stearns the preferred brake by the 
nation’s leading motor manufacturers. 


New! Magnetic disc brakes for 
re-rated motors —! |e to 2 HP. 


Stearns is also the first to offer 
the new 50 Series magnetic brake* for 
re-rated NEMA frames in the 1/6 hp. 
through 2 hp. motor range. It is avail- 
able in four torque ratings: 1-1/2, 3, 
6 and 9 lb. ft. This brake is designed 
to mount on new fractional hp. motor 
frames 56-C and 66-C and integral hp. 


motor frames 182 and 184. It takes 
less than one-half the space previ- 
ously required. 

Get all the facts about these 
new Stearns brakes that are broaden- 
ing the field of magnetic disc brake 
applications. Write today for new 
descriptive literature. 


1074 *Patent No. 2620901 12-9-52 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS = MAGNETS 


STEARNS MAGNETIC 


692 S. 28 St., Milwaukee 46, Wis. 


New Parts 





nal combustion engine tempera- 
tures and low internal static pres- 
sures and for other similar appli- 
cations. Joint is designated J-61 
in all stainless steel and J-62 in 
cold-rolled steel. A special mod- 
el, J-41, is available for use with 
stainless steel tubing. Made by 
Marman Products Co. Inc., 11214 
Exposition Blvd., Los Angeles 64, 
Calif. 
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Phenolic Plastic Finish 


Logo Force P-85 finish for 
phenolic plastic exhibits good 
hardness and adhesion character- 
istics without embrittlement even 
on heat aging. Available in both 
pigmented and pigmented metal- 
lic forms, it is resistant to heat 
and humidity, grease, chemicals 
and solvents and has good light 
stability. Made by Logo Inc. 
13799 S. Ave. “O”, Chicago 33, IIl. 
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Aluminum Pilot Valves 


Series of manually — operated, 
three-way pilot valves, for the 
operation of _ single-acting or 
spring-return cylinders and large 
master valves, is made in five 
models. Actuated by lever, roller 
cam, stud or 1 or 2-in. palm but- 
tons, each model is_ available 
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AUTOMOTIVE HYDRAULIC 
WINDOW LIFT LINES 
































REMARKS Do you have a 


tubing design that won't jell 
-- or a fabrication kink you 
can't untangle? Whatever your 
tubing headache, why not turn 
it over to our engineering 
experts. They offer you years 
of problem-solving experience, 
plus the added bonus of 
Bundyweld, the only tubing 
double-walled from a single 
strip (see below). 


















































today for catalog or 


COE: developing your SUPETLIIALAKET 
Sabena PUSH CART FRAME 


BUNDY TUBING COMPANY 
DETROIT 14, MICHIGAN 














WHY BUNDYWELD~1S BETTER 


a 4 | 4 
A | 
Bundyweld starts continuously rolled | and passed through : a g | Bundyweld, double- 
as a single strip twice around later- a furnace. Copper . ZES UP aX walled and brazed 
of copper-coated ally into a tube of (i coating fuses with tA 5 \ through 360° of wall 
steel. Then it's .. . uniform thickness, — steel. Result . . . @ contact. 


Leakproof Lightweight 
High thermal conductivity Machines easily 
7 High bursting point Takes plastic cocting 
High endurance limit Takes plating 
Bright and clean 


Extra-strong 


DOUBLE-WALLED FROM A SINGLE STRIP — __ Shocicresistont No’ inside bead 
Ductile Uniform 1.D., O.D. 
Bundy Tubing Distributors and Representatives: Bridgeport, Conn.: Korhumel Steel & Aluminum Co., 117 E. Washington St. @ Cambridge 42, Mass.: Austin-Hastings Co., inc., 226 Binney St. 
Chattcnooga 2, Tenn.: Peirson-Deakins Co., 823-824 Chattanooga Bank Bidg. @ Chicago 32, Iil.: Lapham-Hickey Co., 3333 W.47th Place © Elizabeth, New Jersey: A.B. Murray Co, 
Inc, Post Office Box 476 @ os Angeles 58, Colif.: Tubesales, 5400 Alcoa Ave. e Philadelphia 3, Penn.: Rutan & Co.,1717 Sansom St. © San Francisco 10, Calif: Pacific 
Metals Co, Ltd, 3100 19th St. e Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave., South Toronto 5, “Ontario, Canada: Alloy Metal Sales, Ltd. 181 Fleet St, E 
Bundyweld nickel and Monel tubing are sold by distributors of nickel and nickel alloys in principal cities. 
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Where two materials are better than one 


Properties of Synthane 
Among the outstanding properties of Synthane are: 


¥ 
I 1. Mechanical strength. Synthane 
O exhibits excellent strength under 
tension, compression, impact, vi- 
_— bration and mild shock loads. It 
will not delaminate 
2. Dielectric strength. Synthane 
is widely used as an insulating 
material in many different 
applications 


— 
3. Low moisture absorption. Most 
grades of Synthane are highly 
moisture resistant. Special grades 
are available for applications 
where absorption must be at a 


minimum. 

4. Dimensionally stable. Synthane 
is a thermosetting plastic with a 
minimum cold flow. It holds its 
shape under normal conditions 
and at elevated temperatures. 
5. Availability. In addition to 
more than 33 grades of sheets, 
Synthane is also supplied in many 
grades of rods and tubes. Molded- 
laminated and molded-macerated 
parts are also manufactured. A 
complete fabricating service is 
available. 


@ This circuit breaker bushing is a 
most unusual application for Synthane 
laminated plastics combined with 
another material. Basically it’s a con- 
ductor and an insulator—a solid 
copper bar—to which is bonded a 
thick insulating shield of Synthane 
laminated plastic. 

There is one little joker in the design: 
each bushing contains a thin copper 
grid, only .003" thick, buried in the 
insulating plastic. It is positioned con- 
centric to the copper core as the 
Synthane is being wound before curing. 
After curing, the bushing goes to our 
fabricating department. Here pre- 
cision machinists turn off the Synthane 


Our 25th Year 


SYNTHANE CORPORATION, OAKS, PA. 


over the grid until the delicate grid is 
fully exposed—yet unharmed. 

Synthane—the material—was chosen 
for this job because of its combination 
of high dielectric strength, tough- 
ness and machinability. Synthane, the 
company, was selected because of its 
ability to handle a tough job. Our 
fabricating department is especially 
equipped to work with laminated 
plastics. 

Look into the advantages of S) whane 
laminated plastics and Synthane fabri- 
cating service. Write for a free  .talog 
detailing both. Synthane Corpo? ation, 
5 River Road, Oaks, Pennsyivania. 


LAMINATED PLASTICS 
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New Parts and Materials 





normally closed or normally open. 
These small, compact valves are 
used at standard pressures for con- 
trolling flow of compressed air and 
are also available for low-pressure 
hydraulic operation. Made by 
Automatic Valve Co., 37415 Grand 


River, Farmington, Mich. 
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Motor Starting Relays 


Totally enclosed potential motor 
starting relays are used to start 
single-phase capacitor type motors 
in applications where use of a 
centrifugal switch is impractical 
or impossible. Snap-action me- 
chanism ensures positive contact 
action under normal operation. Re- 
lays may be mounted in any posi- 
tion, have readily accessible wir- 
ing terminals and are available 
with extra single and double dum- 
my terminals. General purpose 
shunt version is available with 
single-pole, normally open; single- 
pole, normally closed; or single- 
pole, double-throw contacts. Maxi- 
mum coil inrush is 12 va, or 10 va 
sealed. Approximate size is 1 23/32 
in. wide, 2 1/16 in. long, 1 51/64 
in. high. Made by R-B-M Mfg. 
Div., Essex Wire Corp., Hanna 
St., Logansport, Ind. 
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Protective Coatings 


Five new Iridite coatings are 
available for nonferrous metals. 
No. 4-73 and No. 4-75 Cast-Zinc- 
Brite coatings provide a bright dec- 
orative and protective finish direct- 
ly on zine diecastings. A luster is 
provided by the chemical polishing 
action of the solution. No. 18-P 
Silver-Kote provides tarnish resist- 
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ance for industrial silver plate with 
minimum effect on electrical char- 
acteristics and solderability and 
without substantially changing the 
appearance of the silver. Coating 
No. 17-P, Cupreous-Kote, provides 
corrosion resistance and paint ad- 
herence for copper and copper al- 
loy surfaces. It can be dyed yel- 
low, red, orange or green for color 
identification purposes. No. 14-2 
Al-Coat aluminum finish can pro- 
duce a finish ranging in appearance 
from yellow-iridescent to a uniform 
deep brown or can be bleached to 
produce a clear protective film. All 
finishes are applied by dipping. 
Made by Allied Research Products 
Inc., 4004-06 E. Monument S&t., 
Baltimore 5, Md. 
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Servo Motor 


Type M-100 low-inertia servo 
motor has a new lamination de- 
sign for high performance. Built 
in 1.75-in. OD size, it has a her- 
metically sealed stator for high 
operating stability and high 
torque-to-inertia ratio for rapid 
acceleration and deceleration serv- 
ice. Inoperative under single phase 
conditions, it has a sloping speed- 
torque characteristic which pro- 
vides viscous damping in control 
applications. Motor operates on 
115 v, two-phase, 400 cycle ac. No- 
load speed is 10,000 rpm; stalled 
torque, 2.7 oz-in. Motor weighs 
12.2 oz. Made by Infra Electronic 
Corp., 553 Eagle Rock Ave., Rose- 
land, N. J. 
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[SYNTHANE] 
Bh) 


laminated 
plastics at work 


¢ 


In broadcasting This air inductor 
coil is used in radio and television broad- 
casting. Its Synthane end rings act as in- 
sulators, strong supports. 


oe 
In machinery Synthane ball bear- 
ing retainers are standard in many different 
types and brands of ball bearings. Synthane 
is mechanically strong, almost friction-free, 
light in weight. 


es 


In plating equipment 
Plating barrel parts are made of Synthane 
because of its combination of properties. 
It's machinable, resistant to acids and alkalis, 
and it has high dielectric strength. 


What’s your PROBLEM ? 
MAIL COUPON FOR FREE FOLDER 
a a ey ee ee ee ee 


1 Our 25th Year ] 
| SYNTHANE CORPORATION 


l 5 River Road, Oaks, ra. 

] Please send me your free folder describing ad- | 

| vantages, properties, uses, and kinds of Synthane | 
plastics. 
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Preset Counter 






Series 5440 dual preset counter 
provides output information at 
any two counts within the maxi- 
mum capacity of the unit. Any 
discrete physical change represent- 
ed by a changing voltage can be 
counted. Various transducers such 
as photocells, magnetic pickups, 
switches or other devices that pro- 
vide a suitable voltage output are 
used to operate the counter. The 


solved hy 













































physical change may occur at 
rates between de and 40,000 times 
per second, the maximum continu- 
ous counting rate of the preset 
decimal counting units. Preset- 
ting the counter is accomplished 
by rotating the two switches ad- 
jacent to each decade. Made by 
Berkeley Div., Beckman Instru- 
l, ments Inc., 2200 Wright Ave. 
t Richmond, Calif. 
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problem: Lockheed engineers required a strong, 
lightweight bolt spacer for fast, economical installation 

of aluminum honeycomb structure in the famous Super , 
Constellation. The floor construction illustrated is an 
example. Large quantity of fasteners to be used required? 
low weight per unit, and had to be adaptable to mass 
production as well as manual installation. 


















solution: Delron’s Fasco Spacers were tested 
by Lockheed and more than met requirements 
of this critical fastening job. On each Super 
Constellation, approximately 3500 Spacers 
are used, providing high column strength 
with a total weight of only 12 pounds. Fast 
200 per hour mechanical 

sub-assembly installation as well as 

hand assembly, if required, are 

the reasons Fasco Spacers 

make ideal fasteners for 

honeycomb type structure. 













Oscillograph 


For high-quality dynamic re- 
cording measurement, this 26- 
trace type 5-114 recording osvil- 
lograph has an accurate 0.45 to 

















This is another example of Delron’s 
long service and design experience at 
work—solving critical fastening problems! 














Ut mtententententeientententententeentest 115 in. per second record speed 
WHAT IS YOUR | Clip this ad to your letterhead, range and provides records of 
CRITICAL FASTENING | and mail for product data on : itions 
PROBLEM? | items checked: mD-2 phenomena from static conditio 
oOsli- 
| () Sandwich structure fastening to 3000 cycles _ second. * . 
ae 1 5 Fasteners to 1200°F. operation tive, gear type record drive sy 
>: : tem uses no belts or friction 
yi " () Fasteners to 1600°F. operation ’ 
_ THE} DELRON | COMPANY. INC. drives. Speed can be changed 





: ; ; Name easily without tools. Timing lines 
Fe 5224 Southern Avenue, South Gate, California «—._._._. photographed simultaneously with 
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THE MOST IMPORTANT PERSON 
IN YOUR BUSINESS... 


is a satisfied customer! And one way to assure satisfied cus- 
tomers is to standardize on Packard electric motors for your 
electrical appliances. 

The motors built by Packard Electric have been well and 
favorably known for 37 years. There is no better fractional 
horsepower electric motor on the market. So, when you 
specify Packard electric motors, you benefit in two ways: 
Your product will give your customers reliable and long- 
lasting performance; the satisfaction experienced by your cus- 
tomers will be reflected in greater acceptance for your product. 


A COMPLETE LINE OF Packard Electric Division 


RUGGED FRACTIONAL HORSEPOWER APPLIANCE MOTORS General Motors Corporation, 


REG. U.S. PAT. OFF Warren, Ohio 
TRADE MARK 
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oon SHELF DELIVERY! 


EXTRA HIGH SAFETY 
FACTOR! 


o/emmanury =e 


backed by 38 Years Be ff 
of Know-How ! We > j the data provide positive time cor- 
fe . relation at 0.1 and 0.01-second, or 
at 0.1-second intervals only. Unit 
is equipped with a detachable 125- 
ft record magazine, unexposed- 
footage indicator, “no record” 
warning devices, record length se- 
lector, heated magnet block and 
individual galvanometer-input con- 
nectors. Glareless viewing screen 
and scanning system permit visual 
check of waveforms with frequen- 
cies of 0 to 500 cycles per second 
and facilitate initial vertical and 
lateral galvanometer adjustments. 
Accessories are available to in- 
crease unit’s scope of application. 
( Overall dimensions of de model 
CIRCULAR HEADS WITH TIE RODS / are 12% x 12% x 2034 in.; weight 


) O/9 Olo,—~o is 85 lb. Ac model is 2% in. long- 
( ) C ) ( ) er, weighs 96 lb. Made by Con- 
ou%|% 0% solidated Engineering Corp., 300 
ee eal? N. Sierra Madre Villa, Pasadena 


4 15, Calif. 


/ 
/ SPACE For more data circle MD-114, Page 175 
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T-J SPACEMAKER . provides additional room for 
edjocent eq without ificing strength. 





Circular Slide Rule 


This §8-in. diameter circular 
slide rule made of dimensionally 
stable Vinylite plastic is equiva- 
lent to a 20-in. straight slide rule. 
It performs functions of multipli- 
cation, division, proportions, find- 


AIR CYLINDERS 


Streamlined design of the new T-J Spacemaker eliminates tie rods... 
saves up to 40% in mounting space! It’s performance-proved . . . super 
rugged with extra high safety factor . . . solid steel heads . . . heavy 

wall, precision honed, hard chrome plated, seamless steel body . . . 
leakproof cylinder head to body construction . . . heavy duty, hi-tensile, 
hard chrome plated piston rod. 

Available with the new T-J Super Cushion Flexible Seals which 
insure positive cushion with automatic valve action for fast return 
stroke. Many standard sizes and styles . . . for pushing, pulling, 

lifting, clamping or control jobs. T-) dependability. Write for bulletin 

454. The Tomkins-Johnson Co., Jackson, Mich. 


exp TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDER CUTTER CLINCHORS 
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JALTEN JALTEN 
No. I Ne 4 


J&L’s New JALTEN series enables you to select 
low-alloy, high-strength steel in the following com- 
binations of advantages: 


High strength, good formability and fabricating 
—good resistance to low temperature impact. 


High strength, moderate forming—improved 
resistance to atmospheric corrosion. 


High strength—improved resistance to abrasion. 


Remember to specify JALTEN High Tensile Steel for 


® HIGH STRENGTH @ RESISTANCE TO CORROSION 
@ GOOD FORMABILITY @ RESISTANCE TO ABRASION 


Sones ¢ Laughlin 


STEEL CORPORATION — Pittsburgh 
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JALTEN 
No. 2 





Jones & Laughlin Steel Corporation 
Dept. 410, 3 Gateway Center, Pittsburgh 30, Pa. 


Please forward a copy of your booklet, Jalten low- 
alloy, high-strength steel. 


Name 
Company 


Address 





Engineering Equipment 


A Gig 17] NN U N iw] E K | ing squares or square roots and 
cubes or cube roots and comput- 

| ing reciprocals and logarithms. 

RIGIO ittmonn | Sliding disks are 742 and 8 in. 


diameter with graduations im- 
AND PRODUC TION CON TROLS pressed in blue and black and prc- 
tected by clear over-lamination. 
Instructions for use are printed on 
reverse side. Made by Allegheny 


CHIEF SANDUSKY Plastics Inc., 52 Thorn Run Rd., 


Coraopolis, Pa. 
CENTRIFUGALLY CAST For more data circle MD-115, Page 175 
RINGS, ROLLS, LIN- 


ERS, TUBES, SLEEVES, easton — 

BUSHINGS, AND DC Indicating Amplifier 
BEARINGS... For use wherever a minute elec- 
trical signal must be measured, 
amplified or recorded, model 
2HLA-3 dc indicating amplifier can 
measure signals as low as 2 x 107% 
watt. In the first of four stages of 
operation, the dc input signal is 
changed to an ac signal by means 
of a second-harmonic magnetic 
converter. This converter has no 
moving parts and is insensitive to 
changes in ambient temperature. 
In the second stage a very high 
Chief Sandusky cast- gain voltage amplifier magnifies 
ings have enjoyed a repu- | the ac signal received from the 
tation for quality since | converter. Demodulator in third 
1907. Rigid metallurgical stage then changes the amplified 
and production controls ac signal to de. At the fourth 
guarding every step of the stage a power amplifier greatly in- 
way are, in a large meas- creases the power output to the 
ure, responsible. meter on the face of the instru- 
But neither kind has ment or to the output terminals 
where sufficient power is supplied 





Accidents may be lucky or not. 


any place in the making of highly specialized cylindrical 
castings. to drive an inking recorder or 4 


From initial laboratory analyses through exacting pro- control device. A self-contained 
duction steps to delivery of the finished product, Chief power supply furnishes energy to 


Sandusky castings have been watched over by very par- the voitage amplifier, power am- 
ticular experts—equipped with eagle eyes. plifier and oscillator. Instrument 


The makers of Chief Sandusky castings know that to operates on 105 to 125 v, 0.3 amp, 
hold the position of leadership they have earned, they must 50 to 70 cycles per second. Size 
constantly search out improvements, develop better meth- is 12 x 7% x 9% in.; weight 20 |b. 


ods, and adhere to standards of highest quality. Made by Doelcam Corp., Soldiers 
This is all to the advantage of users . . . who agree Field Rd., Boston 35, Mass. 
For more data circle MD-116, Page 175 


that the best in cylindrical castings bear the name, 
“Chief Sandusky.” 


C. M. LOVSTED & CO., SEATTLE, WASH. @ TYNE BROS., BIRMINGHAM, 
ALA. @ CORDES BROS., SAN FRANCISCO AND LONG BEACH, CALIF. 


SANDUSKY 


FOUNDRY and MACHINE CO. 


615 W. Market Street Sandusky, Ohio 


220 
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OLD STYLE air cylinder, with thread-secured head, required 
costly tapping, chasing and assembly operations. Also, satisfactory 
maintenance of packing unit necessitated use of pipe wrenches on 


painted surfaces. 


WALDES TRUARC RINGS PERMITTED 
THESE SAVINGS 


Production Time Cut..17 minutes 
Weight Saved 
142 inches 


$3.26 unit 


Length Shortened 
Cost Saved 


and easy. 


m= The A. K. Allen Company of 
Brooklyn, New York, maker of 
AllenAir cylinders, now uses two 
Waldes Truarc Inverted Rings 
(series 5008) to secure heads 
rigidly within tubes. 


= TRUARC Rings, in this applica- 
tion, are ground parallel by A. K. 
Allen to .001 tolerance. In a static 
hydraulic bursting test, the 3” unit 
(recommended for 350 p.s.i.) with- 
stands a pressure of 2000 p.s.i. 
And at bursting-point, the brass 


NEW cylinder head is secured with precision-ground Waldes Truare 
Rings. This produces perfect alignment of head within the housing. 
difficult to obtain with screw-thread seating. Maintenance is quick 


groove gives way; the Truarc Ring 
remains intact. 

m Waldes Truarc Retaining Rings 
are precision-engineered . . . quick 
and easy to assemble and to dis- 
assemble. They can be used over 
and over again. There’s a Waldes 
Truarc Ring to answer every fas- 
tening problem. 

@ Find out what Waldes Truarc 
Retaining Rings can do for you. 
Send your blueprints to Waldes 
Truarc engineers. 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool 


~\\\ SEND FOR NEW CATALOG > 


| mma 





REG. U. S. PAT. OFF, 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALOrs TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE 
FOLLOWING U.S. PATENTS: 2.382,947: 2,362,946: 2,416.8652: 2,420,921: 2,428.341: 2,439,785; 


2.44) 846: 2.455.165: 2.463,380; 2.483.363: 2.487.602: 
AND OTHER PATENTS PENDING. 
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2.487.803; 2.491.306; 2.509.081; 


Waldes Kohinoor, Inc., 47-16 Austel Pl., L. 1. C.1,N.Y. 


Please send me the new Waldes Truarc Retaining 
Ring catalog. 


(Please print) 
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the SWING 


is to 


EMSC 


BALL BEARING 
SWIVEL FITTINGS 


You'll find the swing is to 
Emsco when it comes to Ball 
Bearing Swivel Fittings. Com- 
pare Emsco with any other and 
you'll instantly detect its points 
of superiority, flexibility, safety, 
ease of takeup while in service, 
versatility of application and low 
cost. There’s an Emsco for your 
every need. Type “LPR” for ex- 
ample, is popular for low pres- 
sure service. Smooth easy contour 
of bends reduces turbulence and 
increases flow. Choice of packing 
to suit your service. 


For Standard Piping 


Schedule 40 


TYPICAL LOADING ARM 


M5SCQ 
IqnaerPeP SAP 


FOR LOW PRESSURE SERVICE 

Pressures to 1,000 P.S.1. and temperatures 
to 225° F. 

Sizes 14%” to 4”. 

For liquids, semi-solids, gases, steams, etc. 


FREE TURNING 

Easy swiveling for full 360° in 1, 2 or 3 
planes. 

Balls rotate on formed alloy steel races. 


FULL FLOW 
Smooth bore, large easy bends. 


CHOICE OF PACKING 
Molded synthetic rubber lip-type packing seal 
becomes tighter as pressure increases. 


Send for complete catalog. 


EMSCO MANUFACTURING COMPANY 


BOX 2098, TERMINAL ANNEX 


Houston, Texs LOS ANGELES 54, CALIF. Garland, Texas 


THE ENGINEER’S 


Library 


Recent Books 


Magnetic-Amplifier Circuits. By 
William A. Geyger, Magnetics Divi- 
sion, U. 8. Naval Ordnance Labora- 
tory, White Oak, Silver Spring, Md., 
289 pages, 6 by 9 inches, clothbound; 
published by McGraw-Hill Book Co., 
New York; available from MACHINE 
DESIGN, $6.00 postpaid. 


Written for designers, this vol- 
ume presents a practical treatment 
of the fundamental principles, 
characteristics and applications of 
magnetic-amplifier circuits. Ex- 
tended mathematical considerations 
and cumbersome proofs are avoid- 
ed. Descriptive and graphical meth- 
ods are used to give a qualitative 
and quantitative interpretation of 
essential facts. 

Chapter 1 gives a classification 
of saturable-core devices and re- 
views the history of magnetic am- 
plifiers. Chapter 2 describes mag- 
netic core materials, different kinds 
of core construction, winding ar- 
rangements and various types of 
rectifier devices, as used in mag- 
netic-amplifier circuits. In chapters 
3 to 16 the book presents a sys- 
tematic description of the numer- 
ous types of magnetic-amplifier 
circuits. Chapters 17 and 18 dis- 
cuss technical properties, transi- 
ent response and typical applica- 
tions of magnetic amplifiers, par- 
ticularly those in instrumentation, 
servomechanisms, regulators, auto- 
matic control devices and elec- 
tronic arrangements. References 
listed at the ends of chapters in- 
clude important European patents. 


Elements of Mechanism. By Vent«n 
Levy Doughtie, professor of mechun- 
ical engineering, University of Texvs, 
and Walter H. James, professor 
emeritus of mechanical engineerii 9, 
Massachusetts Institute of Techno.0- 
gy; 502 pages, 5% by 8% inchs, 
clothbound; published by John Wiicy 
& Sons Inc., New York; availaile 
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“We need BIG 
Stainless Castings” s 


t 


“Our Stainless Castings 
are Special”’ 


BIG*SPECIAL'""TINY ~ INTRICATE... 


We can handle any job you have 


Write for your copy: 
“ALLEGHENY METAL 
CASTINGS” 


32 pages of valuable and 
complete data on stainless 
Castings: analyses, proper- 
ties, technical data on han- 
dling and heat treatment, 
typical applications, how to 
order, etc. 


ADDRESS DEPT. MD-55 
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Our Buffalo Foundry produces high- 
alloy steel castings exclusively .. . 
principally for corrosion and heat 
resisting applications. We've had long 
and valuable experience (as a pioneer 
in both vertical-centrifugal and static 
stainless casting methods) with prac- 
tically every type of service condition 
you can name, and we'll welcome the 
opportunity to take on any stainless, 
high-temperature or high-strength 
casting problems you have. 

And not just as a matter of meeting 


the service conditions, either. We're 
ready to handle any special shape or 
difficult-to-cast section your job may 
require ... and any size of casting 
from a few ounces to several tons. 

@ Let us quote on your requirements. 
You'll find Allegheny Metal castings 
unsurpassed for soundness, clean- 
grained strength and easy machining 
qualities. Uniform, too, and reliable 
in supply. Allegheny Ludlum Steel 
Corporation, Henry W. Oliver Building, 
Pittsburgh 22, Pennsylvania. 


You can make it BETTER with 


Allegheny Metal 


Warehouse stocks carried by all Ryerson Steel plants 





Precision Tubing for Precision Jobs 


Tubing tolerance is a big “must” on this job. Thomson Indus- 
tries, Manhasset, N.Y., insists on it. Otherwise, manufacturing 
BALL BUSHINGS (ball bearings for linear motion) would have 


been even tougher than it was. 

Part of the problem was the tubing to house the bearings and 
the raceway. Those bearings are very tough on tubing... 
especially at the contact points. 

Other requirements were: good surface conditions; good di- 
mensional control, both I.D. and O.D.; uniform wall thickness; 
uniform concentricity; and uniformity from a metallurgical 
standpoint to stand heat treating. 

And, equally important, economy. By using ELECTRUNITE 
Tubing, Thomson Industries eliminates a grinding operation. 
That helps keep costs down. 

The tubing that hasall these advantages is Republic ELECTRUNITE 
a precision mechanical tubing for applications like this. You can 
get it in carbon or stainless analyses. And Republic engineers 
will be glad to help you use it, profitably, in whatever products 
you make. Call your nearest Republic Sales Office or write to: 


REPUBLIC STEEL CORPORATION 


Steel and Tubes Division 
217 East 131st Street, Cleveland 8, Ohio 
GENERAL OFFICES 7 CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, New York 
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The Engineer's Library 





from MACHINE DEsIGN, $6.00 post- 
paid. 


Emphasizing the application of 
fundamental principles of physics | 
and simple mathematics in the field | 
of mechanical movement, this text- | 
book can be used to obtain a work- 
ing knowledge of the entire sub- 
ject or as a reference on such topics 
as the centro methods for obtain- | 
ing velocities, Corioli’s law and | 
Klein’s construction. 
Included in the 12 chapters are 
discussions of motion, velocity, ac- 
celeration, linkages, transmission of 
motion by direct contact, cams, 
bodies in pure rolling contact, 
gears, belts, ropes, chains, trains 
and miscellaneous mechanisms. 
Problems are given at the end of 
each chapter, with a section con- 
taining laboratory problems at the 
end of the book. Terminology and 
examples are of a type familiar in 
industry. 





Association Publications 


American Management Association 
Series. Hach publication is 6 by 9 
inches, paperbound; copies available 
from American Management Associa- 
tion, 330 W. 42nd St., New York 36, 
N. Y., $1.00 each for members, $1.25 
for nonmembers. 






The following publications are 
available: 


General Management Series 
169. Management at Mid-Century —31 pages. 





Manufacturing Series 


211. Production Guides and Controls for 
the Modern Executive—52 pages. 


Marketing Series. 


92. Selling Costs and Market Potential: 
Controls and Guides—38 pages. 





Viscosity _of Lubricants under Pres- 
sure. By:-Mayo D. Hersey and Richard 
F. Hopkins for the ASME Research 
Committee on Lubrication; 87 pages, 
8*, by 11 inches, paperbound; avail- 
able from the American Society of 
Mechanical Engineers, 29 W. 39th St., 
New York 18, N. Y., $5.00 per copy. 


This booklet presents the results 
of a study conducted for the ASME 
Research Committee on Lubrica- 
tion covering high pressure viscos- 

(Continued on Page 228) 
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TUTHILL STRIPpEp 
for Built. 
















PUMP COMPANY 



















ore @ | co 
Mmplete new catalog on 


PUMPS 


Th Applications 



























appearance, 


built-in applications. 


These dependable pumps are furnished in a wide 
range of types and sizes for lubrication, hydraulic, 
coolant and liquid transfer service...in capacities 
from 14, to 200 g.p.m. and pressures to 200 p.s.i. 


Write for your copy of Catalog No. 106 today. 


TUTHILL (3 





Dependable Rotary Pumps since 1927 


939 East 95th Street, Chicago 19, Illinois 
Canadian Affiliate: Ingersoll Machine & Tool Co., Ltd. 


Ingersoll, Ontario, Canada 








} As a practical help to 
"A, manufacturers who 
fB\ want to reduce cost, 
save space, and 
improve product 


Tuthill now offers 
Catalog No. 106 


on Stripped 
Pumps for 








From Tumblers to Trailers]. 


ALUMINUM 
MEDICAL CHEST 


ALUMINUM TRAILER 
CROSS MEMBER 








ALUMINUM WASHER 
AND ORYER TUBS 





ALUMINUM 
DEEP WELL COOKER 


Photograph shows 1700-ton hydraulic press in operation ata Reynolds 
plant. Work in progress is one of the largest drawn aluminum parts 
ever made—a one-piece 12’ x 4’8” hull for an aluminum boat. This 
press is currently producing other drawn parts 6’ in diameter. 


These aluminum blanks are ready to go to a 
manufacturer. Scrap beside press is remelted 
at Reynolds. Users save an average of 30% 
scrap loss, eliminate scrap handling expense. 


REYNOLDS ALUMINUN 


BLANKING - EMBOSSING - STAMPING - DRAWING - RIVETING - FORMING 
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rs|.Get the Most From Your Designs with 


ALUMINUM 


Press 


Parts 


from Reynolds 


Shown here is a “giant’s handful” of Reynolds 
presses along with typical aluminum parts produced 
on these presses by Reynolds Aluminum Fabricating 
Service. In two plants alone, out of the more than 30 
Reynolds plants in 18 states, Reynolds offers 128 
presses including mechanical presses from 2 to 1700 
tons and hydraulic presses from 300 to 5000 tons. 
Reynolds can furnish press parts from simple blanks 
to deep drawn parts of large area; from very thin to 
the thickest aluminum that can be drawn. 

If your designs call for aluminum parts that re- 
quire blanking, punching, drawing, forming, stamp- 
ing, piercing, or other press operations, call on Rey- 
nolds to produce these parts to your specifications. 


The great variety of Reynolds specialized equipment 
permits you to obtain the economy of the machines 
best suited to your purpose without making the tre- 
mendous capital investment in equipment and added 
plant capacity which would otherwise be required. 
Reynolds quality control from mine to finished prod- 
uct and Reynolds experienced design and engineer- 
ing service go hand in hand with these facilities to 
assure you the most from your designs. 

For full details, call the Reynolds office listed 
under “Aluminum” in your classified telephone di- 
rectory or write direct to Reynolds Aluminum Fabri- 
cating Service, 2061 South Ninth Street, Louisville 1, 
Kentucky. 


Write for your free copy of the new 24-page Reynolds “Catalog of Facilities.” 


See ‘‘Mister Peepers’’ Sunday on NBC-TV. Consuit local listing for time and station. 


Small presses, too, are available in Reynolds 
plants to assure speedy delivery of high qual- 
ity parts produced to your specifications by 
Reynolds Aluminum Fabricating Service. 


This 12’, 300-ton press brake handles thick 
aluminum plate. Press brakes from 22/2 tons 
are available for your requirements by Rey- 
nolds Aluminum Fabricating Service. 


Here is part of a battery of medium presses 
in a Reynolds plant. Large, medium or small 
—Reynolds Aluminum Fabricating Service has 
Presses to fit your every need. 


FABRICATING SERVICE SR 


ROLL SHAPING-TUBE BENDING-WELDING~ BRAZING~ FINISHING 
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SIO SAU 


WITH STAR-KIMBLE BRAKEMOTORS 


Time from full speed to standstill can be as short as one-fifth of a 
second with a Star-Kimble Brakemotor — the extra-large brakelining 


area makes possible these extra-fast stops of motor and connected load. 


Starting of the motor is fast and smooth, too. The small air gap results 
in instantaneous release of the brake when the motor current is switched 
on. No brake drag to impede acceleration. 

These cycles of split-second stops and smooth starts can be repeated 
millions of times — that's proved by the experience of user after user 
of Star-Kimble motors, even in the severest types of service. In 
reversing service, a Brakemotor can make four times as many starts a 


minute as a motor which is reversed by plugging. 


Every Star-Kimble Brakemotor is an integral, space-saving unit — with 
motor and brake designed and built together to work together. A single 


manufacturer — undivided responsibility. 


For the full story, write for Bulletin B-501-A 


TAR-KIMBLE 


MOTOR DIVISION OF 
IEHLE PRINTING PRESS AND MFG. CO. 


201 Bloomfield Ave. 


Bloomfield, N. J. 


The Engineer's Library 
(Continued from Page 225) 





ity. It includes a co-ordination of 
experimental data from 12 major 
investigations dealing with fatty 
oils, petroleum oils, compounded 
oils and other lubricants. 


Materials for Product Development 
—1953. 265 pages, 6 by 9 inches, 
clothbound; available from Clapp 4 
Poliak, Inc., 341 Madison Ave., New 
York 17, N. Y., $7.50 per copy. 


This book is a compilation of the 
Proceedings of the Basic Materials 
Conference held in New York, June, 
1953. It includes the talks on basic 
materials, along with questions and 
answers, presented at this con- 
ference. 


New Standards 


1953 Supplement to Book of ASTM 
Standards. Seven volumes, 6 by 9 
inches, paperbound; available from 
the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 
3, Pa. 


These supplements contain ex- 
tensively revised standards and 
new and extensively revised tenta- 
tives in these materials fields that 
have been accepted since the ap- 
pearance of the 1952 Book of 
ASTM Standards. The parts com- 
prising the complete supplement 
set are: 


Part 1—Ferrous Metals; 10 stani:i- 
ards, 52 tentatives, 33 
pages. 

Part 2—Non-Ferrous 
standards, 41 
277 pages. 

Part 3—Cement, Concrete, Cerarn:- 
ics, Thermal Insulatio, 
Road Materials, Wate 
proofing, Soils; 17 stan 
ards, 45 tentatives, 3: 
pages. 

Part 4—Paint, Naval Stores, Woo |, 
Fire Tests, Sandwich Co: - 
structions, Building ‘Co! - 
structions, Wax Polishe ; 
9 standards, 21 tentative 
162 pages. 

Part 5—Fuels, Petroleum, Arom - 
tic Hydrocarbons, Engi!:e 
Antifreezes; 12 standards, 
34 tentatives, 333 pages 

Part 6—Rubber, Plastics, Ele«- 


‘Metals; 8 
tentatives, 
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STRAIGHT BARREL TAPER 


MYATT BEARINGS DIVISION 


WARE 






GENERAL MOTORS CORPORATION ¢ HARRISON, N. J. 
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Jets brought blinding speed, and superiority 
in the air. But for the engine builders, they brought 
problems. With higher speeds came higher 

operating temperatures, and engine parts, especially 
bearings, had to be designed to withstand 
destructive heat. So designers turned to Hyatt. 
With unexcelled research and development 

facilities, modern production equipment, and years 
of experience, Hyatt was a logical choice. 

Hyatt know-how assured highest quality in mass 
production, and since 1944 Hyatt has been a 

major supplier of jet bearings. When 

design requirements are beyond the capabilities of 
ordinary bearings, always call on Hyatt. 


Partial list of aircraft equipped with turbo-prop 
and turbo-jet engines using Hyatt Bearings: 


Bell X-5 Research Monoplane 
Boeing XB-47C Air Force Medium Bomber 
Consolidated—Vultee Model 7002 (XF-92A) 
Consolidated—Vultee Turboliner 
Douglas XA2D21 “Skyshark” Navy Attack Bomber 
Grumman F9F “Panther” Navy Fighter Plane 
Lockheed F-80C "Shooting Star” Fighter Plane 
Lockheed F-94A & B Air Force Fighter Plane 
Lockheed TO-1 U.S. Navy Version of the F-80G 
For Use as Jet Trainer 
Martin P4M-1 Long Range Navy Patrol Bomber 
Martin B-57A U.S, Air Force Version of the English 
Electric Canberra Medium Bomber a 
North American AJ-1 “Savage” Navy Cafrier 
Attack and Search Airplane 
Northrop F-89A All Weather Fighter Plane 
Northrop YRB-49A “Flying Wing” Heavy Bomber 
Republic F84F “Thunderjet” Fighter Plane 
























The Engineer's Library 





trical Insulation; 4 stand- 
ards, 24 tentatives, 195 


pages. 


L Wi 
LE 
Part 7—Textiles, Soap, Water, Pa- 


—the inexpensive way per, Adhesives, Shipping 
Containers; 7 standards, 
39 tentatives, 295 pages. 


CONTROLLED 
TIMER 


at a price you can 
afford 


to protect 
valuable parts 


during shipment 


Preferred Ratings for Power Cir- 
cuit Breakers. ASA (C37.6-1953; 6 
pages, 8% by 11 inches; paperbound; 
available from American Standards 
Association Inc., 70 East Forty-fifth 
St., New York 17, N. Y., 40 cents 


per copy. 


Dealing with alternating current 
power circuit breakers, this publi- 
cation represents standard prac- 
tices in this field for the United 
States. It contains three tables 
along with explanatory notes for 
indoor oil and oilless power cir- 
cuit breakers, and outdoor power 
circuit breakers. 


Practically non-breakable, 





» out dirt and moisture 
Seal in lubrication or hydraulic fluids 


S.S.White plastic plugs and caps can 
save you thousands of dollars in dam- 
age complaints and rejections — at the 
cost of only a few pennies! Use them to 
cover openings and fittings before ship- 
ment. They’re quickly and easily applied 
—and won't shake loose during transit. 
They're available in both threaded and 
unthreaded types and in a range of sizes 
and styles to meet every need. 


LET US QUOTE YOU ON YOUR REQUIREMENTS 
We can quickly fill your order from 
stock and are prepared to make up spe- 
cial sizes when required. 


GET FULL DETAILS — 


Bulletins P-5203 ~~ 
and P-5312 have © %e5 
full information. ~~ @ = 
Write for free copies. = 


ASTM Specifications and Tests for 
Electrodeposited Metallic Coatings, 99 
pages, 6 by 9 inches, paperbound; 
copies available from American So- 
ciety for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa., $1.85 per 
copy. 


Publication contains the follow- 
ing standards: 


A 164—53. Spec. for Electrodeposited Coat- 
ings of Zine on Steel. 

A 165—53. Spec. for Electrodeposited Coat- 
ings of Cadmium on Steel. 

A 166—53 T. Spec. fer Electrodeposited Coat- 
ings of Nickel and Chromium on Steel (Ten- 
tative). 

A 219—51 T. Metheds of Test for Local 
Thickness of Electrodeposited Coatings (Ten- 
tative). 

B 117—49 T. Method of Salt Spray (Fog) 
Testing (Tentative). 

B 141—45. Spec. for Electrodeposited Coat- 
ings of Nickel and Chromium on Copper and 
Copper-Base Alloys, 

B 142—53. Spec. for Electrodeposited Coat- 
ings of Nickel and Chromium on Zinc and 
Zine-Base Alloys. 

B 177—49. Ree. Practice for Chromium 
Piating on Steel for Engineering Use. 

B 183—49. Ree. Practice for Preparation of 
Low-Carbon Steel for Electroplating. 

B 200—53 T. Spec. for Electrodeposited Coat- 
ings of Lead on Steel (Tentative). 

B 201—49 T. Spec. for Chromate Finishes on 
Electrodeposited Zinc, Hot-Dipped Galvanized, 
and Zine Die-Cast Surfaces (Tentative). 

B 242—53. Rec. Practice for Preparation of 
High-Carbon Steel for Electroplating. 

B 252—53. Rec. Practice for Preparation of 
Zinc-Base Die Castings for Electroplating. 

253—53. Ree. Practice for Preparation of 

Electroplating on Aluminum Alloys, 

254—-53. Ree. Practice for Preparation of 
and Electroplating on Stainless Steel. 

B 281—53 T. Ree. Practice for Preparation 
of Copper and Copper-Base Alloys for Elec- 
troplating (Tentative). 


Durakool Pre-set Timer Relays 
have more than proved them- 
selves on the roughest and 
toughest jobs that could be 
faund. Year by year, their use 
increases in sensational fashion. 
Controlled time available from 
15 to 20.0 seconds in either 
normally open or normally 
closed actions. 3 to 4 week 
delivery. No waiting. Your 
production schedule is met. 


No false contacts 
No chatter 
Quiet in operation 


Eliminates double contacting 
or breaking of circuit 


See telephone directory for local 
distributor or write 


DURAKOOL, INC., Elkhart, Ind. 


Durakool 


ALL-STEEL MERCURY 


Vomert- 
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».. BROOK MOTORS can meet 
yout motsture conditions, too! 


Windings are hiphly re lant to morsture. heat. orl 

and electrical strain! Every Brook motor is built with mi 

nsulated stator slot ind windings that are impregnated 

ind baked to resist moisture conditions encountered in thi 

U S and In every corner ol] dal world' The ( world rt pected 

AC motors are designed and precision built to meet 

or surpass NEMA standards for size, rating, serviee and 

performance. Easily servis In any shop parts quickly 

obtainable everywhere illy ited for original equipment 
inufacturer iS replacement motor ind for product 

destined for export. Whatever your needs, insist on Brook 

he worl most respected motor built by the world 


“i oy 
E — oie, ~ : 
s = a SS. hea 
{ = 
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¥ ; . * ’ on 
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Ceramic-coated stator laminations provide excellent dielectric qualities 
and maximum resistance to heat. 


Stator slots insulated with mica-coated fabric—highly resistant to water, 
oil, heat and electrical strain. 


Dynamically-balanced rotors to eliminate vibration . . . a practically inde- 
structible unit of pure copper or aluminum passing through rotor laminations. 


4. U.S. standard interchangeable ball bearings in metric sizes. Mountings 
protected against dirt and moisture. 


5. Precision-ground shaft—painstakingly ground to the highest, most 
exacting standards. Made of the finest, high tensile steel. 


6. All major types—available from stock . . . open drip-proof, splash-proof, 
totally enclosed non-ventilated, totally enclosed externally fan-cooled ... 
in a wide range of horsepower sizes. 


White for FREE catalog ! 


Get all the details about the 
complete Brook line . . . write today! 





1904-1954 


«», tespected and used the 


BROOK MOTOR CORPORATION 
world over for SO years! 


3555 W. Peterson Avenue, Chicago 45, Illinois 


on 2 een @ wmmem, | 
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Selecting Metals for 


Oil-Film Bearings 


By E. B. Etchells 


Chevrolet Motor Division 
General Motors Corp. 
Detroit, Mich. 


ELECTION of the best metal 
to be used in plain oil-film or 

boundary-film bearing applications 
is dependent upon a number of 
requirements, including: 

. Score resistance 

. Deformability 

3. Fatigue strength 


. Corrosion resistance 
. Cost. 


The selection is not easy, since 


no one metal is available at pres- 
ent which is capable of meeting all 
the varied applications to which 
bearings are subjected. For one 
application fatigue strength may be 
the controlling requirement, where- 
as another application may require 
the very best score resistance with 
maximum corrosion resistance. The 
final selection of a bearing metal 
usually depends, to a great extent, 


Table 1—Score Resistance Properties of Common Bearing Metals 





Order of 
Score 
Resistance 


Bearing Material 


Order of 
Hardness 


Suggested 
Application 





Brass-Bronze Alloys 
85-90 Cu, 2 Fe, 4-10 Al 


60-90 Cu, 10-40 Zn, 0-2 Pb 


85-90 » %&-3 Zn, 7-10 Sn, 0-5 Pb 


80-90 Cu, 0-5 Zn, 3-10 Sn, 5-10 Pb 


70-75 Cu, 4-10 Sn, 20-25 Pb 


Aluminum Alloys 
Copper-Leads 


White-Metal] Alloys 
(Cadmium and Babbitts) 


Very poor anti-score quality. Used 
in minor locations. 

Very poor anti-score quality. Used 
in minor locations and with hy- 
poid gear oils. 

For heavily-loaded* piston pins 
and similar motions where sur- 
face speed? is very low. 

Average bushing materials for 
low-speed, small-diameter shafts. 
For moderate-speed bushings and 
where lubrication is not well main- 
tained. 

For heavily-loaded 
speed bearings. 

For heavily loaded high-speed 
bearings. 

Low to moderately loaded, low to 
high-speed bearings where dirt 
and deflections are present. 


moderate- 





* Conditions of load: Low, 1000 psi and under; 


moderate, up to 2,000 psi; high, over 3,000 


psi. ¢t Conditions of speed: low, 5-10 fps; moderate, 15-20 fps; high over 30 fps. 


LEAD ALLOY 


STEEL BACKING 


COPPER 
(OXYGEN FREE) 


LEAD ALLOY 


Ca 


- STEEL BACKING 


on experience, judgment and com- 
promise. The foregoing bearing re- 
quirements are, in some respects, 
interrelated, and the best choice 
for a bearing metal is made by 
recognizing first what the bearing 
requirements are and then select- 
ing a commercial alloy having 
these qualities. 

Research is being done continu- 
ously on perfecting bearing mate- 
rials. The results of work that 
has been done have led to the 
conviction that a bearing metal 
will function properly during oper- 
ation if it has a high endurance 
limit and load-carrying capacity, 
and if a soft, readily conformable 
metal can be plated in a thin layer 
on the working surface. 

No order of importance is sug- 
gested by the following individual- 
ly different requirements of a bear- 
ing. They all have their place in 
the selection of a metal to be usted 
and in the design of the bearing 
itself. 


Score Resistance: The score re- 
sistance, or antiseizure character- 


Fig. 1—Grid bearings in 
which aluminum, silver of 
copper-alloy bearing ma‘e- 
rials are indented with 4 
fine grid — then filled 
with lead alloy, offer ii- 
proved _ score - resistarce 
properties 
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Table 2—Deformability Characteristics of Bearing Metals 























Order of Approximate 
augue Maximum Order of 

Searing Material Strength (1000 psi) Deformability 
GUE 00.656 06006 60.00 C086 c0spescens oabeeeses 1 10 7 
PE cpinesecdde ce ease es. cekdaned seeed 2 3-4 6 

‘with tin or silver) 

Pe TG QUEERS ccc cccccccccccccasnces 3 2-4 5 

(0.003 in, or less) 

i PE no cn 6s 24 09.00 asevgaeeenna we 4 2-3 4 

Copper-lead ‘ 5 1.5-2.5 3 

en Ce. ce anneende ed es nabeee te 6 1.2-1.5 2 

Lead and tin-base babbitts ............+. 7 0.8-1.5 1 
Table 3~-Standard Babbitt Metals 

Metal Composition (per cent) 

Type Tin Antimony Lead Copper Iron Arsenic Bismuth 
SAE 10 90 4-5 0.35 4.0-5 0.08 0.1 0.08 
SAE 11 86 6-7.5 0.35 5-6.5 0.08 0.1 0.08 
SAE 12 88.25 7-8.5 0.35 2.25-3.75 0.08 0.1 0.08 
SAE 13 4.5-5.5 9.25-10.75 86 0.5 ees 0.6 eee 
SAE 14 9.25-10.75 14-16 76 0.5 bee 0.6 
SAE 15 0.9-1.25 14.5-15.5 remainder 0.6 0.8-1.1 





istic, of metals used for bearings is 
often an important requirement. 
Scoring should not be confused 
with cutting or grooving of the 
metal by dirt or other foreign ma- 
terial. Most bearings are designed 
to run on oil films, but metal-to- 
metal contact may exist between 
the journal and the bearing due to 
starting, stopping, deflection and 
heavy loads. Bearings also are de- 
signed to operate continuously un- 
der partial or boundary-film condi- 
tions which produce rubbing con- 
tact at the surfaces. If the score 
resistance is not sufficiently high, 
the bearing metal will score, or ul- 
timately seize, if severe enough 
operating conditions exist. 

Of the many bearing metals 
available, the white metals are 
used where score resistance is a 
prime requirement. These white 
metals include the tin-base and 
lead-base alloys, commonly called 
babbitts. The relative order of 
common bearing metals in regard 
to score-resistance tendencies is 
shown in Table 1. It is evident 
that improved resistance to scor- 
ing is obtained at the expense of 
hardness and strength. A general 
classification, as listed in this 
table, does not allow the inclusion 
of special bearing metals, such as 
the tri-metal types for plain bear- 
ings. 

Tin-base, white-metal alloys have 
been used with satisfactory re- 
Sults in machines where speeds 
and loads are light or, at most, 
fairly heavy. Their chief weak- 
hess, in cyclic-loaded bearings, is 
low fatigue life. 
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The aluminum alloys, as well as 
silver and copper, can be made to 
have improved score resistance by 
employing an indented, fine grid 
pattern and filling with lead alloy, 
Fig. 1, or simply overplating with 
tin or lead alloy. When this is 
done, score-resistance properties 
approach those of the white metals. 


Deformability: The ability of a 
bearing to yield to deformation 
without failure during its opera- 
tion is highly important. For a 
bearing to have good deformabil- 
ity properties, it should kave good 
conformability and embedability 
characteristics. 

When loads are applied to a 
structure, the bearings or journals 
deflect, often producing edge con- 
tact. If a bearing metal which is 
conformable is selected for the de- 


Fig. 2—Typical fail- 
ure in a babbitt bear- 
ing from fatigue 
which starts as small 
cracks at the surface 
and works down to 
the bonding material 


sign, an adjustment is made with- 
out producing high temperatures 
that lead to a burned-out or fa- 
tigued bearing. 

The embedability characteristic 
is important when dirt enters the 
clearance space, where it must em- 
bed in the bearing metal or cut a 
groove around the shaft and bear- 
ing. Silica (dust, core sand) or 
metal particles cause wear, partic- 
ularly at low speeds, and overheat- 
ing of the bearings at high speeds 
with hard metals. 

Where dirt conditions are un- 
controllable, white metals are pre- 
ferred as the bearing metal, even 
though such a compromise results 
in a lowering of fatigue life. When 
copper-lead, bronze, or aluminum 
alloys are used as the bearing met- 
al, it is good practice to harden 
the journals, thus reducing wear. 

Frequently, the ability to em- 
bed when dirt is present and to 
conform when distortion is pres- 
ent, are treated as separate char- 
acteristics. In practice, a material 
responds about equally to each of 
these influences. In Table 2, this 
characteristic is shown as deform- 
ability. 

The beneficial effect of lead-base 
babbitt overlays is seen by com- 
paring identical materials with and 
without overlay. A relative embed- 
ability or dirt-tolerance improve- 
ment of from 10 to 100 times may 
be had, depending upon the thick- 
ness of the overlay and the char- 
acter of the basic bearing metal 
under the steel backing. 


Strength: Fatigue 


Fatigue 
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strength is important for bearings 
subjected to alternating or rotat- 
ing loads. Well-known examples 
are the connecting-rod and main 
bearings, used in internal-combus- 
tion engines, which are subjected 
to rotating loads, and piston-pin 
bushings which are subjected to 
alternating loads. Bearing failure 
starts in the form of small surface 
cracks which work down to the 
bonding material and then pro- 


APPROXIMATELY .001" THICK 
LEAD BABBITT OVERLAY 


-010° TO .015" THICK 
COPPER-LEAD-TIN 


STEEL 
BACKING 


gress parallel to the backing, Fig. 
2. When a large enough portion 
of the bearing surface has fa- 
tigued, the oil-film conditions de- 
teriorate to the point where failure 
by overheating quickly follows. 
Such failures should not be con- 
fused with those resulting from 
a bad bond, where the difficulty 
shows up very early and usually 
can be identified by no bonding 
material on the backing metal. 
The operating conditions, espe- 
cially time and temperature, de- 


Fig. 3 — Tri-metal 
bearing material is 
used to obtain high 
load-carrying ability. 
The copper - lead - tin 
section gives high 
strength and a thin 
overlay of lead gives 
the bearing good 
score-resistance char- 
acteristics 





all 


LOW LEAD 
BRONZE 


COPPER LEAD 


BABBITTS 


ALUMINUM 
ALLOY 


INDIUM 





FATIGUE RESISTANCE 
DEFORMABILITY 

SCORE RESISTANCE 
CORROSION RESISTANCE 


THIN BABBITT 


ne ee 
INCREASE 
FROM 


CADMIUM ALLOYS 


Fig. 4 — Functional 
chart shows the four 
most important bear- 
ing-metal require- 
ments; the length of 
each line is a measure 
of approximate order 


OVERLAYS 





| 
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Table 4—Standard 


sign of the bearing housing and 
the amount of journal flexure, 
have so much influence that it is 
difficult to state specific loads. In 
Table 2, however, a guide to the 
maximum load is given. 

The methods and techniques of 
manufacturing metals for plain 
bearings affect their fatigue 
strength. Performance of the 
white metals as bearing metals has 
been improved greatly by precision 
manufacturing to obtain thin over- 
lays on a steel backing. The fa- 
tigue strength of aluminum alloys 
attain their highest value when se- 
curely bonded to a steel back. 
Long life, however, also can be 
found with solid aluminum-alloy 
bearings when the shells can be 
made thick and the temperature 
rise in the steel housing is not 
sufficient to cause permanent set. 

The use of silver as a specialized 
bearing material was given impe- 
tus during World War II. It is 
widely used in aircraft engines be- 
cause of its high fatigue strength, 
even under the most severe condi- 
tions. The aluminum alloy, silver 
and some copper-lead bearings are 
used with a thin overlay (0.002- 
inch thickness or less) of lead-base 
white metal to aid in the breaking- 
in process and to provide more tol- 
erance to dirt and journal imper- 
fections. 


Corrosion Resistance: Bearing 
metals that are unalloyed are sub- 
ject to corrosion by lubricating oils 
which contain acids or become acid- 
ic through oxidation. Copper, lead, 
cadmium, and silver are especially 
prone to corrosion. Fatigue will 
result in the bearing metal if cor- 
rosion becomes excessive. 

Corrosion of copper by sulphur 
can be greatly reduced by alloying 
copper with zinc, but only with a 
loss of antifriction or antiseizure 
properties, as seen in Table 1. 
Lead-base alloys containing over 


Brass and Bronze Bearing Alloys 





Metal 


Type Copper 


Tin 


— Composition (per cent) 


Lead Zine Antimony Nickel 


Orher 


Phosphorus Silicon 


Iron Aluminum 








0.005 0.005 
0.005 
0.005 


8.5-9.5 


SAE 40 (cast lining)... ee 84-86 4-6 4-6 4-6 ‘ee 0.3 
SAE 62 (cast lining).. 86 9-11 0.3 1-3 0.15 
SAE 64 (cast lining)..... 78 9-11 8-11 0.75 0.15 
SAE 68A (cast lining)...... S6—S¢ 0.5 — 066 ees von 2.5-—4 
SAE 791 (rolled or wrought) remainder 3.5-4.5 3.5~—4.! 6 ee bn 0.1 
SAE 792 (cast lining)...... remainder 9-11 0.35 
SAE 793 (cast lining)...... 83 min. 3.5-4.5 ous — 0.35 
SAE 794 (cast lining)...... 68.5—75.5 3-4 f ; _ a 0.35 
SAE 795 (rolled or wrought). 88-92 0.25-—0.75 remainder és din 0.1 


0.005 
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Give careful thought to the added parts required for the satisfactory 
functioning of some bearing types and not necessary with the 
simple uncomplicated sleeve bearing. Lock nuts and lock washers 
needed to fasten some bearing types to the shaft are absent in 
sleeve bearing design. With the sleeve bearing there is nothing to 
lock to the shaft. Intricate end covers required for locating or 
enclosing some types of bearings again are absent in sleeve 
bearing design. Where the sleeve bearing is to be of the floating 
type it is simply inserted by hand in the part in which it is to 
operate. The bearing is delivered to you ready for installation with 
the actual easy assembly in housing and on shaft all that is left 

to do. Where the sleeve bearing is to be of the pressed-in type 

it is simply pressed into the gear, gear box, lever or housing in 
which it is to function. 

















There is a Bunting Engineer near you. Consult him. Or write our 
Product Engineering Department at Toledo. 


unting. 


BRONZE BEARINGS * BUSHINGS + PRECISION BRONZE BARS 










The Bunting Brass & Bronze Company « Toledo 1, Ohio « Branches in Principal Cities ¢ Distributors Everywhere 
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The famous HYDRECO Four-Bolt design 
Hydraulic Pump provides Oil Power on 
the John Deere No. 55 Self-Propelled 
Combine to position the Auger Plat- 
form and control the Variable Speed 
Drive. This model 1506 Pump delivers 
3.3 gpm at 1200 rpm with pressures 
to 1500 psi... other models to 130 gpm. 





























Pressure Balanced wear plates 
maintain a fixed clearance be- 
tween wear plates and gear 
faces regordiess of pressure. 
This feature in HYDRECO 
Pemps and Motors minimizes 
oll slippage ond power loss... 
volumetric efficiency and me- 
chonical efficiency remain 
high! 

















Build the hydraulic circuit around the de- 
pendability of HYDRECO components. 
More and more design engineers find this 
premise leads to successful performance 
in service whether the application be farm 
equipment, machine tools, materials hand- 
ling or construction machinery. 


HYDRECO Oil Power ... Pumps, Motors, 
Valves and Cylinders have one important 
characteristic in common... they're de- 
pendable. And the engineering that con- 
tributes this dependability may be relied up- 
on to make significant contributions to your 
present and projected hydraulic problems. 


Write for brochures on HYDRECO 
Pumps, Motors, Valves and Cylinders. 


HY DRECO pwision 
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3 per cent tin, or not less than 1 
per cent tin and suitable amounts 
of antimony, arsenic, or indium, 
can be protected from acidic lubri- 
cants. Small amounts of indium 
can protect cadmium bearings. 
Common bearing materials are 
classified as to their resistance to 
corrosion as follows: 


Noncorrodible 
Aluminum alloys 
Tin-base babbitt 
Lead-base babbitt 

Cadmium-indium alloys 

Low lead bronzes 


Intermediate 
High lead bronzes 
Copper-lead 
Alkali-hardened lead 

Silver 


Corrodible 
Cadmium alloys 


This listing should be used with 
discretion since the intermediate 
and corrodible alloys may reverse 
their activity in the presence of 
certain lubricants. Bearing corro- 
sion has now been greatly dimin- 
ished due to detergents and inhib- 
itors which presently are being 
added to lubricating oils. 


Cost: The selection of the prop- 
er bearing metal may, more often 
than not, be influenced by cost. 
There are, no doubt, instances 
where the cost of a single bearing 
may be small as compared to the 
total cost of the machine. This is 
not an engineering justification, 
however, for deliberately using sil- 
ver if a simple bronze bushing 
would be satisfactory. The ap- 
proximate order of increasing cost 
of bearing metals is as follows: 





. Bronze bushings 
. Lead-base babbitt 

Tin-base babbitt 

Sintered copper—Nickel filled with \ead 
babitt 

. Aluminum alloys (solid) 

. Cadmium alloys 

. Copper-lead 

. Copper-lead with thin overlay 

9. Aluminum alloy with thin overlay 

10. Silver with thin overlay 


whe 


SCrPNIDUW 


Metal Properties: The properties 
which a bearing metal must have 
if it is to perform its function 
properly can be divided into three 
main classes: 






1. Proper structure 

2. Satisfactorily balanced mechzn- 
ical properties 

3. Easy melting, casting, and bo:d- 
ing properties. 


A bearing metal 


has proper 
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structure if it has a soft matrix 
with sufficient plasticity to con- 
form to slight irregularities in the 
machining and alignment of the 
shaft and to allow any abrasive 
particles in the lubricant to be- 
come embedded. 

If a bearing metal has balanced 
mechanical properties it resists 
the shock of impact loads, has suf- 
ficient strength, ductility, and re- 
sistance to compression, and does 
not crack or squeeze out under 
heavy loads in applications involv- 
ing high temperatures. 

Easy melting, casting, and, most 
important, good bonding proper- 
ties are especially desired in a 
bearing metal. The metal must 


adhere firmly to the steel piece | 
used as a backing and should not | 


chip off or separate from the back- 
ing during operation. 


Babbitt Metals: In choosing a 
metal to be used as a bearing, the 
tin-base and lead-base alloys (bab- 
bitts) should be given careful con- 
sideration because of their ease of 
handling and low cost. It is nec- 
essary with either the tin-base or 
lead-base alloys to have a mini- 
mum lining thickness properly 
bonded to a steel back, consistent 
with the conformability and em- 
bedability requirements of the ap- 
plication, to secure maximum load- 
carrying ability and fatigue life at 
elevated temperatures. Lead-base 
bearings have the advantage of 
lowest cost but their ability to sup- 
port high loads with low oil tem- 
peratures is less than the tin-base 
babbitts when thick linings are 
used. When the thickness is less 
than about 0.0005-inch, however, 
no appreciable difference is to be 
found in load-carrying ability at 
high temperatures of the numer- 
ous types of lead-base composi- 
tions. 

Babbitt linings of 0.003 to 0.008- 
inch thickness are common in com- 
mercial automotive engines, with 
0.002-inch the low limit. Large 
Stationary engines use thicknesses 
from 0.020 to 0.060-inch. The 
8.A.E. standard babbitt metals are 
given in Table 3. 


Copper-lead Alloys: Copper-lead 
bearings are backed by steel to 
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Announcing the New 
PF-100 Series 


DUDCO 


DUAL-VANE 
P 








































ey COMPLETE HYDRAULIC BALANCE ... the exclusive DUAL- 
VANE Design provides and assures complete balance of all 
hydraulic pressure loads. You get continuous, maintenance-free 
operation with increased efficiency at all pressures. 


INCREASED OUTPUT... machine efficiencies can be increased 
by 2000 psi pump operation without change of other standard 
components in the hydraulic system. 


CARTRIDGE CONSTRUCTION ... all pumping parts that move 
are contained within an easy-to-install cartridge. Pump output 
can be altered by changing cartridge; servicing is simplified 
and machine down-time reduced. 

@ ECONOMY... the low initial cost and the 2000 psi premium 


performance of DUDCO PF-100 Pumps can double the value of 
your hydraulic dollar. 


















Write for DUDCO Bulletin No. DP-302. You'll get the 


facts on the new PF-100 Series Pumps. 


D U b C © DIVISION 


THE NEW YORK AIR BRAKE COMPANY 
1706 EAST NINE MILE ROAD © HAZEL PARK* MICH, 
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MOST VERSATILE 
HYDRAULIC COMPONENT 
EVER wea 


Stores 
hydraulic 


Compensates © 
for pressure - 
and volume — 





Acts as 
transfer 
barrier 


Absorbs 
line 
shock 





Dispenses 
SS fluids and 
\ jubricants 


U. S. Patents under Olaer Licenses 


The Greer Accumulator 


Today, Greer Accumulators are at 
work in almost every industry you can 
name. They are found in the hydraulic 
systems of buses, construction ma- 
chines, ships, planes, submarines, and 
flying missiles. They power all types of 
presses, control steel processes, operate 
electric switches, absorb pulsations in 
oil pipelines—to mention a few of hun- 
dreds of applications. 


Greer Accumulators can reduce the 
cost, size, weight, and complexity of 


your machines and equipment. And 
Greer’s experienced application engi- 
neers know where accumulators belong 
for use, maximum performance and 
complete safety. Let them -—_ you 
solve your hydraulic _ 

problem. Write or @ 

call Greer. No obliga- 

tion. Brochure 301-A 

gives technical data 

on the Greer Accu- 

mulator. Ask for your 

free copy today. 


GREER HYDRAULICS INC. + International Airport - JAMAICA 30, NEW YORK 


Field offices in Chicago, Dayton and Detroit 
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Sales Representatives in all principal cities 


Design Abstracts 





give strength and rigidity. They 
are widely used where loads are 
higher than can be carried by the 
babbitts and are made by casting 
or by the sintering process using 
powdered metals. Standard cop- 
per-lead bearing alloys specified by 
the S.A.E. are: 


1. SAE 48: 67-74 Cu, 25-32 Pb, 1.5 
Ag, 0.1 Zn, 0.025 P, 0.35 Fe, 
0.15 other elements. 

. SAE 480: 60-70 Cu, 30-40 Ph, 
0.35 Fe, 0.05 Sn, 0.3 other ele- 
ments. 


The higher lead-content alloy 
gives a higher antiscore character- 
istic, but at the expense of 
strength, and is inferior in com- 
pression properties to the other 
copper-rich alloys. In_ general, 
however, the high lead-content al- 
loys are superior to the white met- 
als in load-carrying ability and 
their properties are not so much 
affected by operating tempera- 
tures. They are also more resist- 
ant to repeated flexure, which is 
important with present-day engine 
speeds. 

To obtain higher strength, tin 
up to 3 per cent and silver up to 5 
per cent are added at a sacrifice of 
antiscore quality. The tendency of 
such an alloy to score can be offset 
by overplating with a thin coating 
of lead alloy which results in one 
of the highest load-carrying plain 
bearings now in modern use. These 
are commonly known as tri-metal 
materials, Fig. 3. 


Bronzes: Bronzes are valuable 
because of their low cost and wide 
range of characteristics, as deter- 
mined by the many various com- 
positions. They are especially re- 
sistant to wear when used with 
hard shafts or journals. 

The number of commercial 
bronzes is very large. The S.A.E. 
specifications in Table 4 can be 
used as a guide in conjunction with 
Table 1, which gives suggested “p- 
plications for their use. 


Aluminum Alloys: Aluminum as 
a bearing material is not new, but 
the metal’s high coefficient of ther- 
mal expansion and bonding char- 
acteristics heretofore have been 
severe drawbacks. Recent research 
has led to the development of aiu- 
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are 

the U.S. PowerGrip TIMING 

ing Belt with its positive en- 

ing ae oe gagement takes hold of the 

O)p- pulley grooves with perfect 

by fit, perfect grip. Slippage or 

power loss can’t happen. 

1.5 \ \ 

“| by U.S. Rubber 

>b, . 

le- FAST DELIVERY 
COMPLETE ENGINEERING SERVICE 

oy FULL STOCKS 

pe As an industrial designer, you have often met 

. problems involving the transmission of me- 

wf chanical power: hand tools, lathes, drill presses, 

e 






saws, electric typewriters are some examples. In 
such cases, you had to go along with the limitations 
imposed by V-belts, chain drives or gears. But now 
the U. S. PowerGrip TIMING® Belt, developed and 
perfected and thoroughly proved for over six years by 
United States Rubber Company, gives you entirely new 
freedom, new scope, new horizons of design. MOREOVER, 
the “U. S.” network of distribution centers, sales offices and 
TIMING Belt Distributors permits fast supply plus complete 
engineering service. 


EVER WISH YOU COULD USE SMALLER PULLEYS? You can with the 
U.S. PowerGrip TIMING Belt...no slippage, no take-up. This per- 
mits very short centers and high ratios. Light weight of PowerGrip 
permits high speeds. 


DO LUBRICATING AND HOUSING DEVICES GET IN YOUR WAY? 
The absence of metal-to-metal contact in the U.S. PowerGrip TIMING 
Belt makes lubricants and oil-retaining housings unnecessary. Less 
cost, less weight. 


DO HIGH BELT SPEEDS SLOW YOU DOWN? The U.S. TIMING Belt 
can easily handle speeds up to 16,000 F.P.M. Light weight keeps cen- 
trifugal force way down. Yet, because it cannot slip, U.S. PowerGrip 
TIMING Belt can be operated at speeds so slow as to be imperceptible. 


WHAT ABOUT HORSEPOWER? H.P. Range is 1/100 to 300 or more. 
Stock drives run to 50 H.P., but wider belts and pulleys can be made 
on order in standard lengths and diameters. 


IS EFFICIENCY ALL IT COULD BE? Because there are no friction-creat- 
ing joints, no slippage loss, no lubricated drag—minimum heat gener- 
ation and minimum bearing loads, U.S. PowerGrip TIMING Belts 
have an efficiency of close to 100%. 










































Write to any of the 26 District Sales Offices 
or the address below. Ask for free catalog. 






“U.S.” Research perfects it...“U.S.” Production builds it ...U.S. Industry depends on it 






UNITED STATES RUBBER COMPANY 
MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 






— “ Belting ¢ Expansion Joints « Rubber-to-metal Products « Oil Field Specialties ¢ Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 
lolded and Extruded Rubber and Plastic Products « Protective Linings and Coatings * Conductive Rubber e Adhesives « Roll Coverings * Mats and Matting 
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solve tough original equipment problems 


Many a knotty power problem has been solved with Gast rotary Compressed 
Air Motors. Just one of these ten inherent advantages may make them ideal 


for your original equipment applications. 


Much lower first cost. 
Explosion-proof safety. 


Variable speed over a wide 
range. 


Can't burn out from over-loads 
or stalling. 


5 Four vanes assure instant 
starting. 


6 Amazing compactness for HP 
delivered. 


7 Light weight—down to % of 
equal electric motor. 

8 Smooth-running rotary-vane 
performance. 


9 Reversible models provide extra 
adaptability. 


10 Dependability for long service— 


little maintenance. 


Now standard equipment on such products as conveyors, hoists, agitators, textile 
machines, hose reels, liquid pump drives, etc., these versatile motors are avail- 
able in four sizes and many design variations for vertical or horizontal drives 


with base or flange mountings. 


INVESTIGATE NOW—Gast engineers will gladly cooperate in arranging for 


tests on your application. 


o= 


MODEL 1AM Air 
Motor with silencer 
—to % HP rec., to 
6,000 RPM. Only 
22" x 44%", weighs 
only 1¥2 Ibs. 


MODEL 4AM 
Air Motor with 
foot—to 1 HP, 
to 2,000 RPM. 
Only 5%” high 
less muffler. 
Weighs ap- 
prox. 8 Ibs. 





MODEL 2AM Air 
Motor with muffler 
— to Ya HP, to 
2,000 RPM. Only 
5%" high. 
Weighs ap- 
prox. 5, Ibs. 





MODEL 8AM Air 
Motor with base, 
— to 4 HP, to 
1,500 RPM. Only 
6" high, less 
muffler, 8Ys” 
long. Weighs | 
25 Ibs. 


Criginal Equipment Manufacturers for Over 25 Years 


(TO 4H.P.) 
GAST MANUFACTURING CORP., 107 Hinkley St., Benton Harbor, Mich. 


(TO 30 LBS.) (YO 28 INCHES’ 
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minum-alloy bearings having prom- 
ising potentialities and desirable 
qualities. 

Compositions of three aluminum 
bearing materials are: 


1. XB-808: 1.0 Cu, 1.0 Ni, 6.5 Sn, 
remainder Al. 

2. 750: 2.5 Si, 1.0 Cu, 0.5 Ni, 65 
Sn, remainder Al. 

3. GM-3889M: 1.0 Cd, 4.0 Si, re- 
mainder Al. 


Alloy XB-80S is a strip alloy and 
includes a steel backing, whereas 
alloy 750 is furnished without steel 
backing. GM-3889M material was 
developed by General Motors Re- 
search Laboratories Division and 
is used in the Moraine-400 bearing, 
manufactured by the Moraine 
Products Division. This material 
is produced by the strip process 
and is bonded to a steel backing. 
The finished bearing carries a lead- 
tin-copper overlay not exceeding 
0.001-in. in thickness and possesses 
excellent ductility and score-resist- 
ant properties. This lead-base elec- 
trodeposit includes sufficient tin 
to prevent corrosion. The addition 
of copper to the composition gives 
the overplate alloy strength and 
load-carrying ability, enabling the 
bearing to operate satisfactorily 
and withstand the fatiguing stress- 
es imposed by the heavily loaded 
modern engines. 

The Moraine-400 bearing metal 
is another tri-metal material which 
may be classified in the moderate- 
cost, high-load, high-speed group 
and offers from six to ten times 
the bearing life of the conventional 
babbitt bearing material. 


Cadmium Alloys: The cadmium 
alloys are used in very special de- 
signs where their additive cost is 
justified by the increase in fatigue 
life. S.A.E. specifications, which 
are essentially the same as may be 
obtained commercially, are as fol- 
lows for two standard cadmium 
bearing alloys: 


1. SAE 18: 98.4 Cd, 1.0-1.6 Ni, 0.01 
Ag, 0.2 Cu, 0.02 Sn, 0.05 Pb, 
0.05-0.15 Zn. 

2. SAE 180: 98.25 Cd, 0.5-1 Ag 
0.4-0.75 Cu, 0.01 Sn, 0.02 Pb, 
0.02 Zn. 


The cadmium alloys are attacked 
by corrosive oils unless treated 
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Reliance Spring Lock Washers are designed and 
manufactured to combat the natural enemies of 
bolted assemblies; i.e., vibration, shock, twist, 
wear, expansion, contraction and bolt elongation. 
It is little wonder, therefore, that you find Reliance 
Spring Lock Washers on everything from toasters 
to tanks, from lathes to locomotives. They are 
specified by designers and production men because 
of the non fatiguing properties of the cold drawn 
Se a et spring steel. Their helical coil design also provides 

C= > ; ) ) maximum reactive tension 
with a wide range of reaction. 
Reliance Spring Lock Washers 
help create more confidence in 
your product because they 
help keep bolted assemblies 
tighter longer. 
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Ce) a Special Message to Distributors 


HY-SERVICE ROUND We are looking for distributors to handle the 
EDGE , Reliance Spring Lock Washer line. If you are 
NONLINK POSITIVE bs interested in a product with a profit potential 
= and wide acceptance, backed up with national 
advertising, write for more information today. 


MANUFACTURING COMPANY 
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Springtites & Snap & Retaining Special Steels Spring Lock Hos-Fas-Ner 
Sems Rings Washes 


Chicago * St. Lovis * Son Francisco * Montreal 
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What do you q 
_ know about the 


LUBRICANT? | 


You may have heard 
about a highly suc- 
cessful solid-film lu- 
bricant which is giv- 





ing remarkable re- 
sults in the shop and 
in the field. 


In one 40-page 
booklet we have col- 
lected 154 detailed 
case-histories de- 
scribing how difficult 
lubrication problems 
have been overcome 





by molybdenum sul- 
fide. If you wish to be 
up to date about this 
solid-film lubricant, 
fill in the coupon be- 
low, attach it to your 
letterhead and send 
it off today. 


ae LUBRICANT OF MANY USES 


r-sulfide 


A LITTLE DOES A LOT 


Climax Molybdenum Company 
‘500 Fifth Avenue 





SEND FOR THIS FREE =e 
BOOKLET TODAY 
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with indium. 


Miscellaneous Alloys: Two spe- 
cial types of bearing materials 
that are important commercially, 
but restricted to specific applica- 
tions, are zinc castings and the 
porous type of sintered, powdered 
metal. 

Zine castings are used where low 
cost is desired and where speed 
and loads are low. Zinc and its 
alloys are not good antifriction 
metals and will score readily when 
speeds and loads become too high. 

Sintered, powdered metal bear- 
ings are known as the oilless or 
self-lubricating bearings. The most 
common oilless bearing is made by 
compacting 87.5 to 90.5 per cent 
copper powder, about 9 per cent 
tin powder and about 1.5 per cent 
graphite. The bearings are made 
with a controlled number of voids 
so that, when installed, they con- 
tain 15 to 35 per cent impregnated 
oil. They are, therefore, both bear- 
ing and lubricant and, if properly 
made, function for life in specific 
applications. 


Design Role: The determination 
of the metal to be used for bearing 
applications is not a simple one. 
A complete knowledge of the ac- 
tual conditions under which an oil- 
film bearing is to operate is essen- 
tial in order that a decision can be 
made as to the requirements the 
bearing must meet. With the op- 
erating requirements known, the 
selection of a bearing metal can 
then be made, usually involving a 
compromise of all the various fac- 
tors which have been discussed. 

The functional chart, Fig. 4, 
shows the four most important 
bearing metal requirements. Be- 
cause it is very difficult to assign 
exact values to these properties, 
the length of each line may be tak- 
en as a measure of approximate or- 
der. The selection of the proper 
bearing metal for any application 
usually evolves itself into an art 
in which competent experience 
plays an important part. When 
new problems and conditions arise, 
it may be necessary for even the 
most experienced person to obtain 
new data. 

From an article entitled “How 


Engineers Select Metals for Oil- 
Film Bearing Applications” ap- 
pearing in the General Motors En- 
gineering Journal for March-April, 
1954. 


Electrical Braking 
of AC Motors 


By H. W. Jones 


Control Engineering 
Standard Control Div. 
Westinghouse Electric Corp, 
Beaver, Pa. 


Wile mechanical brakes are 

probably still the most widely 
used method for stopping motors, 
there are also several effective 
methods of electrical braking. The 
more common electrical methods 
are plugging, dynamic braking, re- 
generative braking, capacitor brak- 
ing (for limited application to in- 
duction motors), and dc braking, 
all of which may be applied to 
standard motors. 


Plugging: This method consists 
of the application of voltage, by 
means of a reversing contactor, 
tending to reverse the direction of 
rotation of the motor. To prevent 
the motor from actually reversing, 
this voltage must be removed as 
the motor speed approaches zero. 
This is accomplished by using a 
zero-speed switch which is me- 
chanically coupled to the motor 
shaft. 

The losses to stop the motor are 
approximately three times as great 
as the losses while accelerating the 
motor from zero to synchronous 
speed. If full voltage is applied for 
plugging, there can be considerable 
line disturbance. This is not as 
objectionable now as it was a few 
years ago, as the increased capac- 
ity of the feeder systems tend to 
minimize this. The degree of plug- 
ging with an increase in the stop- 
ping time can be controlled by .s- 
ing either a reduced voltage source 
or equal resistors in the three ™mo- 
tor lines. This also reduces (ine 
disturbances. 


Dynamic Braking: This means of 
braking is obtained -when a motor 
is allowed to function as a gener 
ator with its output being expended 
as a loss. An inherent character- 
istic of this type of braking is the 
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decrease in its effectiveness as the 
speed decreases. Usefulness of this 
method is limited to applications 
where the motor is coupled to a 
friction load. 


Regenerative Braking: Because 
it is obtained by operating a motor 
above its synchronous speed, re- 
generative braking js also very lim- 
ited in use. With a constant fre- 
quency source, its most important 
use is in providing positive slow- 
down from high to low speed of a 
multispeed motor. 


Capacitor Braking: In an induc- 
tion motor, it is necessary that ap- 
paratus connected in parallel sup- 
ply a leading power factor. Capac- 
itor braking is the use of capaci- 
tors connected across two or three 
of the phases to meet this condi- 
tion. Resistors can also be used in 
parallel with the capacitors during 
the braking cycle. With this meth- 
od, very little braking effort is ob- 
tained below about one-third syn- 
chronous speed. 


De Braking: Application of di- 
rect current to one or more of the 
stator windings of an ac induction 
motor to produce a braking torque 
is by no means new or novel. 
However, the use of individual mo- 
tors and the development of suit- 
able means of obtaining direct cur- 
rent without rotating machinery 
has recently placed this method of 
braking on a more equal footing 
with the other available methods 
of controlling the deceleration of 
ac motors. 

For all practical purposes, dc 
braking can be considered a special 
case of regenerative braking in 
which a voltage of zero frequency 
is applied to the motor terminals. 
Thus, synchronism occurs at zero 
speed and the motor is converted 
into a brake that opposes rotation 
in either direction. The familiar 
characteristic of regenerative brak- 
ing is obtained; that is, the brak- 
ing effort increases as the rotor 
Speed decreases, reaching a max- 
imum value at approximately one- 
fourth of synchronous speed and 
then dropping off very rapidly as 
the rotor speed approaches zero. 
De current is applied to one 
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phase of the motor by means of a 
reversing starter which is used for 
alternately connecting the ac and 
de sources to the motor. As dc is 
generally not available, a rectifier 
and an appropriate transformer are 
used. The transformer serves as a 
means for adjustment and for lim- 
iting the maximum available cur- 
rent. Since it is desirable to keep 
motor heating to a minimum, a 
timing device is included which is 
adjusted to remove the braking 
current immediately after the speed 
of the rotor has reached zero. This 
also keeps heating of the compo- 
nents within the enclosure to a 
minimum. A condenser discharge 
type of timing circuit is generally 
used because of the short time usu- 
ally required to stop the motor. A 
mechanical timer is used on those 
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Fig. 1 — Typical braking-torque 

curves for a 4-pole squirrel cage 

motor at various values of de brak- 
ing current 


applications involving high inertia 
loads with little inherent friction 
where dc braking is used as a re- 
tarding force to provide a smooth 
and comparatively fast stop. 

Dec braking is applicable to squir- 
rel cage or wound-rotor polyphase 
motors and can also be used with 
equal effectiveness in single phase 
motors. A wound-rotor motor with 
some resistance in the secondary 
will produce more braking torque 
for a given de current than a squir- 
rel-cage motor of the same horse- 
power. 


Electrical Characteristics: A 
family of typical braking torque 
curves for a 4-pole squirrel-cage 
motor with various values of direct 
current applied on one phase is 
shown in Fig. 1. The current val- 
ues are expressed as a per cent of 
the motor full-load ac rating. Due 
to saturation, stresses set up and 
heating, it is not advisable to use 
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Through the years, 
our trade mark has 
become a mark of 
quality that stands 
for the simplicity, 
efficiency and dependability of Curtis 
Universal Joints . . . the Hallmark of 
the industry. 

In a wide range of applications, Curtis 
Joints offer the designer assurance of 
long life and trouble-free performance 
— because they are quality-controlled at 
each step of manufacture. 


CURTIS UNIVERSAL JOINTS 


@ 14 sizes always in stock 


















@ Fewer parts, simpler construction 





@ Complete equipment for government tests 





Our catalog torque and load ratings are sub- 
stantiated by constant tests. You can depend 
on them. 






Not sold through distributors. Write direct 
for free engineering data and price list. 


€ CURTIS 


¢ 
UNIVERSAL JOINT CO., INC. 


MARK 
5 BIRNIE AVENUE, SPRINGFIELD, MASS. 









As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
















This SSE” Story 


Of Spherical Bearing Design Improvement 


When SiiSIF first announced that its improved (Type ‘“‘C’’) Spherical 
Roller Bearing provides, size for size, up to 50% more capacity and 2 to 
3% times longer life than any other available design, most people 
asked: 


You'll see how the elimination of “How —_ this done?” 
flanges and undercuts on the in- Your 3S District Office has the answer, in the form of a clear, 
ner ring provides a wider contact quick visual demonstration. Ask to see it—here, in outline, is what 


area for the rollers. you'll see! 





BALL AND ROLLER BEARINGS 


SKF INDUSTRIES, INC. 
PHILADELPHIA 32, PA. 


YES— We'd like to have an S{fSf Representative SHOW us : 
WHY the improved S0Sf’ Type “C” Spherical provides, size L 


for size, more capacity and longer life than any available of ; 

spherical design. Mail this coupon NOW and SEE why you can 
get better spherical roller bearing performance. 
No obligation, of course. 


SSF INDUSTRIES, INC., PHILA. 32, PA.— manu- 
facturers of &¥%F and HESS-BRIGHT® bearings. 
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© 1954, SRF INDUSTRIES, INC 


a> ED GED GED GS GD GD aD a oe 


MACHINE DEsIGN—July 1954 











it 


cal 


ple 


ar, 
iat 





154 








Design Abstracts 





a current that exceeds the locked 
rotor current. The average brak- 
ing torque, using a direct current 
of 200 per cent of motor full-load 
current, is about 120 per cent of 
rated full load torque. If the di- 
rect current is increased to 400 per 
cent, the average braking torque 
increases to about 325 per cent. 

Comparative braking torque 
curves of a motor for full-voltage 
plugging and de braking with a di- 
rect current of 200 per cent rated 
full load current are plotted in Fig. 
2. The average braking torque 
during plugging is 175 per cent of 
the rated full load torque. 

If a load with a WR? value equal 
to twice that of the rotor is placed 
on this motor, plugging will stop 
this load in about 0.7 second or 
10 revolutions. Dec braking will 
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Fig. 2—Braking torque curves for 
a 4-pole squirrel cage motor with 
full voltage plugging and dc brak- 
ing with a direct current of 200 per 
cent rated full load current 


stop this load in about 1.3 seconds 
or 20 revolutions. Increasing the 
de braking current to 400 per cent 
will decrease the time to 0.4 second 
and the revolutions to 5. 

Frequently, the stored energy of 
the rotor represents a large por- 
tion of the total energy of the sys- 
tem. As in the other methods of 
electrical braking, the rotor energy 
does not have to be dissipated 
through the motor shaft. On ap- 
plications involving too much brak- 
ing torque for the motor shaft or 
coupling, a solenoid brake can be 
used in conjunction with dc brak- 
ing with the brake acting on a 
Shaft in the machine instead of on 
the motor shaft. 

With de braking, once the brak- 
ing effort has been determined and 
the de current necessary to give 
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Windows in this modern new Florida hospital supplied by 
Valley Metal Products Co.—subsidiary, Mueller Brass Co. 


The aluminum hardware used on all the windows in this modern 
hospital is a good example of the sales appeal that can be built 
into a product with Mueller Brass Co. forgings. These forgings are 
smart in design, practical in operation, and low in cost. They can also 
be produced in natural bronze or chrome finish depending on the 
desires of the architect or builder. 


All Mueller Brass Co. forgings have a dense, close-grained structure 
with a high tensile strength. Weight savings up to 40% are possible 
in the design of parts because of the close tolerances to which 
they can be produced. Less scrap and longer tool life result 
from the easy machinability of forged parts. Mueller Brass Co. 

is completely equipped to produce brass, bronze or aluminum 
forgings to your specifications. For complete details, 

write us today. : 


MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 
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the desired braking action has been 
set, consistent braking with no pe- 
riodic adjustments is obtainable. 

As both de braking and plugging 
introduce heat into the notor, ap- 
plications with very short duty 
cycles and relatively high inertia 
loads or applications involving very 
high inertia loads must be given 
careful consideration before select- 
ing either of these methods of 
braking. 

De braking offers a method of 
stopping a motor without mechan- 
ical apparatus attached to the mo- 
tor shaft and without maintenance 
other than that normally required 
for control apparatus. It provides 


AUTOMATIC 
RESET TIMER 


Opens or closes circuits for intervals of sec- 
onds or hours, recycling immediately or 


holding a oa me a fixed incoeval Daiees a smooth rolling stop without the 
recycling. Stock models available with fixe sy sas . 

or adjustable settings. In case of current possibility of reverse rotation. 
interruption unit will recycle or hold posi- There is, however, no_ holding 
tion and recycle with return of current. torque at the end of the braking 


cycle. Also, there will be no brak- 

SEQUENCE TIMER ing torque when the main ac sup- 

ply fails. This, of course, can par- 

Engineered to meet requirements for the tially be overcome by using a sep- 


individual timing of a series of operations. ; 
All circuits are 15 amp., have positive quick arate source of power to obtain 
make and break pure silver contacts. Fric- the braking current. 
tion clutch between cam shaft and motor 
gear train may be manually adjusted at any 
time desired. Automatic Sequence Timers 
may be supplied in SPST or SPDT ... are 
carefuily engineered to meet exacting speci- 
fications. 


CYCLE MASTER 


This low-cost Automatic Time Switch can ’ : i 
be set for as many as 48 ON and OFF oper- 2. Frequent operation with a mini- 
ations per revolution of the dial. Unit has mum of maintenance. 

a 15 minute minimum ON or OFF interval 3. Smooth, vibrationless accelera- 
on 24 hour cycle unit... 712 ~ yy —s tiem without sheck: to the drive. 
on 12 hour cycle models and as little as eae tak tn tae oll 


374%4 second intervals on 1 hour cycling ' 
models. All models will control up to 48 not rotate in the reverse direc- 


ON and OFF operations during cycle. tion. 
Available with Sunday and yy om aie . Ability to rotate the motor man- 
in 10 or 20 amp. capacity ... four to eig ually without requiring power 


inal l. 
eleastas aie applied to any component. 


Selection Factors: Dc braking 
can be used very successfully where 
any of the following characteris- 
tics are desired: 

1. Rapid and/or controlled stop- 
ping. 





While general cost figures can- 


. Same degree of braking if motor 
<EM> ENGINEERED RELAYS 


is operating in either direction. 
AEMCO also manufactures a complete line of qual- 
ity relays... open and sealed type, midgets and 
miniatures .. . plug-in base or specialized mount- 
ings ...an almost limitless variety of spring and 
coil combinations. AEMCO Relays exceed specs 
... military or industrial! Specialized units engineered 
and manufactured to meet particular requirements 
and specifications. 











Why not write us today? The services of our 
skilled engineering staff are at your disposal. 








Pa 
ulomatic Feecltic MFG. CO. 


64 STATE STREET - MANKATO, MINN. 


not be accurate, it is safe to say 
that the least expensive type of 
brake is a solenoid type magnetic 
brake. Plugging and dc braking 
are about the same in cost, depend- 
ing upon the degree of control re- 
quired and the size of the motor. 
Capacitor braking is probably the 
most expensive. 

In the final analysis, type of 
braking must be selected on the 
basis of size, configuration and lo- 
cation, functions to be performed, 
degree of control to be maintained 
and, of course, price, which in- 
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TRACK yap 


with your 
SMALL PARTS! 


© 
DISCARD SLOW 
MANUAL 
FEEDING! 


FEEDING DEVICES 


~ ae 
“a in @ Note the improvement in Lower Costs, 

“NN Speedy Production, Quality Control and 
Increased Profits ... Now, this DPS con- 
tribution to the metal-working industry 
is emphasized in an expanded line of 
selective feeding devices and engineering 
service . . . Tell us your requirements; we 
have the unit and the know-how to meet 


your needs. 


LPs eee 

FEEDER 
@ Here is an interesting case showing 
separate screws and lock washers that 
were loaded into a single feeder and 
ejected | ly bled a? the rate of 
60 to 70 a minute ... An amazing speed 
increase over slow, manual operation. In 
this instance, as in thousands of other 
applications, the unit was designed with 
the idea of maximum feeding of a wide 
variety of parts at a fraction of the cost of 
manual feeding. 


DPS BOWL-FEEDER 
Our Newest Addition 


@ An electric, vibrating unit that advances the 
parts on a circular spiral, aligning and correctly 
locating them to issue directly into the work area in 
proper time cycle. Provides fully automatic feeding 
of light, fragile parts that normally could not with- 
stand tumbling. 





Let us diagnose your symptoms and prescribe 
the proper remedy. Write for details. 


DETROIT POWER SCREWDRIVER CO. 


2801-A W. FORT ST. DETROIT 16, MICH. 
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cludes first cost, component re- 
placement, ease of installation and 
ease of maintenance. 


From a paper entitled “A Com- 
parison and Evaluation of De Brak- 
ing” presented at the 18th annual 
Machine Tool Electrification Forum 
sponsored by the Westinghouse 
Electric Corp. in Buffalo, N. Y., 
April, 1954. 


Post-Forming of 
Thermosetting Laminates 


By St. John Bain 


Engineer 
The Formica Co. 
Cincinnati, O. 


ALTHOUGH laminated plastics 

have been manufactured com- 
mercially since 1913, the discovery 
that cured sheets of this type of 
plastic material could be bent to 
various curvatures and relatively 
sharp radii did not take place until 
1943. At that time it was found that 
by “flash” heating a phenolic-cot- 
ton fabric laminate to a point just 
below its blistering temperature, it 
could be successfully formed. To 
this process of heating and bend- 
ing a cured sheet of laminated 
plastic, the term “post-forming” 
was assigned. This process of ob- 
taining a formed part made of a 
thermosetting laminate is funda- 
mentally different from the molding 
process, in which the impregnated 
material is actually cured in a 
heated mold under high pressure 
to the desired shape. 


Resins for Post-Forming: There 
are two basic types of plastic res- 
ins: (1) thermoplastic resins and 
(2) thermosetting resins. The flex- 
ibility of the thermoplastic type, 
after being cured, is a function of 
the temperature of the material. 
Therefore, it can be heated and 
formed and reformed an infinite 
number of times. A_ well-known 
example of this type of plastic is 
methyl methacrylate (Lucite oF 
Plexiglas). 

Thermosetting resins after being 
cured cannot normally be soft«ned 
with heat. As a matter of {act, 
normal long-time baking actually 
makes a thermosetting resin more 
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ry Norgren 
af Pilot-Controlled 
to Regulator, 






Remote Control Type 








MORE CAPACITY = MORE ACCURACY 


Norgren Pilot-Controlled Pressure Regulators provide extremely accurate, automatic pres- 
sure regulation, with capacities up to 250 cfm (more if needed). Performance data prove that 






large fluctuation in flow and primary pressure have negligible effect on regulated air pressure. 





Examples: the secondary pressure remains constant at 30 psi. with an 80 psi. primary pressure 





and flow varying from 0 to 200 cfm. Secondary pressure remains constant at 30 psi. with flow 





of 60 cfm. with primary pressure varying from 50 to 120 psi. 





Using accurately controlled air pressure for your pneumatic equipment is essential if you 





want a higher quality of machine output at a faster rate of production and at lower unit costs. 





You'll find, too, that important savings in equipment maintenance and in compressed air costs 





often result. 


MAXIMUM FLEXIBILITY 
Norgren Pilot-Controlled Air Regulators are WRITE FOR COMPLETE DATA 


available in both remote control and integral 
types; 4", %", 1” sizes; for the accurate reduc- 
tion of line pressures as high as 400 psi. to 
working pressures of 2 to 120 psi; capacities up 
to 250 cfm. (more if needed). 
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PIONEER AND LEADER IN OIL-FOG 
LUBRICATION FOR 26 YEARS 


3442 So. Elati, Englewood, Colo 
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HOW CHACE THERMOSTATIC BIMETAL CON- 
TROLS PRESSURES 
IN THE TONY VALVE 




















A Product of 
T. K. Benger Sales Co. 
Chicago 14, ill. 








One of the age-old problems of releasing trapped cold air from steam 
radiators has been solved in the Tony Valve by the use of Thermostatic 
Control rather than by relying on pressure to actuate the venting mechanism. 
By using a coil of Chace Thermostatic Bimetal, the vent remains open until 
the heated steam travels the full length of the radiator and only then closes, 


after all of the trapped cold air has escaped. 


In operation, the pressure of steam forces air out of radiator, into Tony 
Valve at fitting (1), through body of valve and out at (5). After cold air is 
completely exhausted and heat enters body of valve, thermostatic bimetal 
element (2) bends, moving pin (3) to left in slot in arm of plunger assembly (4). 
As left end of arm is locked in body, plunger is forced down into seat at (5) 


closing vent and sealing radiator and valve against further release of pressure. 


This simple, positive and trouble-free unit releases pressure only when 
cold and closes only when warm to eliminate the old problems of pressure 
operated valves. All parts of the Tony Valve are of brass except the bimetal 


element. 


This is but one of the many uses of Chace Thermostatic Bimetal in controls 
and recording apparatus. If you are interested in temperature responsive 
devices, read “Successful Applications of Chace Thermostatic Bimetal”. Write 
today for this 36-page booklet which contains applications and 10 pages of 


engineering data on thermostatic bimetal. 


W. M. CHACE CO. 
Thermostatic Bimetal 


1616 BEARD AVE., DETROIT 9, MICH 
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brittle. This is exactly opposite 
what happens to a thermoplg 
resin. 

A thermosetting plastic lamir 
is made by impregnating s¢ 
base material, such as varigg 
types of paper or fabric, with 
heat-reactive resin. The imp 
nated material is then cut toa@ 
sired sheet size and a number 
the sheets, depending upon 
thickness desired in the final lay 
nate, are built up one on top 
the other. This built-up assemb 
is then cured at high temperaty 
and pressure to form a solid she 


Heating Techniques: The he 
ing operation is the most impo 
single operation in the post-formi 
process. Because the temperaty 
range in which a_ thermosetti 
laminate can be successfully pe 
formed is relatively narrow, it 
necessary to have uniform heati 
over the entire area that is to 
formed. This relatively narre 
temperature range is limited 1 
two factors. First, the materi 
will blister when it reaches appro. 
imately 347 to 356 F. Second, the 
is high probability of cracking 
when being formed if the materi 
temperature drops below 290 oF 
300 F. In view of these two limit 
ing factors, uniform heating i§ 
vitally important and necessary for 
obtaining optimum forming res 
with a thermosetting laminate. 

Several methods are employed 
for obtaining this very critic 
heating process. First, for heatiz 
various size industrial laminate 
there are recirculated hot 
ovens, infrared bulb ovens, and he 
oil baths. 

Infrared bulb ovens provide 
good uniform heat source, are eas 
to load, and eliminate the need 
cleaning the formed part. This ty} 
of heating is being used by 
majority of post-forming fabric 
tors who are processing industrial 
lam‘nates. There are two typ 
of infrared ovens being used: (J) 
direct radiation, (2) indirect radii 
tion and convection. 

In both cases, best results ¢ 
obtained with clear infrared b 
and special contoured, gold-plate 
reflectors that are designed spe 
cifically for uniform radiation 
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ELECTRIC POWER DRIVES 
ENGINEERED TO YOUR REQUIREMENTS 


yo the 


~~ - VARIABLE SPEED 


LOW SPEED 





CONSTANT NORMAL SPEED 


20-page illustrated catalog... 

Sterling Speed-Trol, Slo- Plants: New York City 51 * Van Wert, Ohio « Los Angeles 22 * Hamilton, Canada * Santiago, Chile 
Speed, Klosd and Klosd-Tite 

Electric Power Drives. Write Offices and distributors in all principal cities 


...t0 obtain cost reduction... 


uses 


HITCHINER 


precision investment 
castings 




























The B. C. Ames Co., 
Waltham, Mass., pro- 

ducers of some of the world’s 

most accurate micrometer dial 

gauges, is another leading manu- 
facturer who has found that accurate 
HITCHINER INVESTMENT CASTINGS 
reduce production costs by eliminating 
expensive machining operations. The Ames 
“Trutest” case is a typical Hitchiner bronze cast- 
ing held to such close tolerances that finishing oper- 
ations are kept to a minimum. To make this part from 
the solid or to use another type of casting would mean 
prohibitive expense, according to the Ames Company. 


HITCHINER INVESTMENT CASTINGS permit, with only 

a few exceptions, complete freedom in the choice of 
ferrous or non-ferrous metals. The Ames Company 
chose beryllium copper for the clamp castings to gain 
proper metal density, freedom from fatigue, and longer 
life at much lower costs than machined steel clamps. 


RACK 


CLAMPS 


if you use small castings, your company, like 
Ames and many others, may be able to cut cost 
of components through HITCHINER INVESTMENT 
CASTINGS. We'll be glad to furnish prompt 
quotations on receipt of your prints. WRITE FOR 
FREE BOOKLET TODAY TO — 





HITCHINER Manufacturing Company, Inc. 
MILFORD 8, NEW HAMPSHIRE 


Representatives in principal cities. 
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A watt density of 800 to 10% 
per square foot has been found tg 
give optimum results in produ 
tion. This watt density will result 
in the fastest heat-up time prae 
tical to use in production without 
running the risk of blistering the 
material. 

Tubular infrared radiant heaters, 
which are very satisfactory for 
heating long narrow areas of ma- 
terial, have been used mainly with 
the decorative post-forming grades 
of thermosetting laminates. The 
watt density of the heater is con- 
trolled by the pitch of the helical 
wire located along the center axis 
of the tubular element. It takes 
approximately 40 to 45 seconds to 
heat material from room tempera- 
ture to 325F, its optimum form- 
ing temperature, when the watt 
density of the heater element is 
approximately 70 watts per inch. 

Another type of heater which 
has just recently been introduced 
is the hot tubular contact heater. 
This heating device is used prim- 
arily for forming decorative lami- 
nates. It consists of a metal tube 
which has a heating wire running 
along the center axis of the tube. 
Temperature on the tube surface 
is controlled at 325 F by means of 
a thermostat. Heating and bend- 
ing are accomplished simultaneous: 
ly on this equipment. 

As a rough rule for checking 
proper heating rate, 1 second of 
heating time may be allowed for 
every 0.001-inch thickness of ma- 
terial. 


Forming Techniques: After the 
laminate has been heated to its 
optimum forming temperature, it 
should be placed in appropriate 
forming equipment and formed im- 
mediately. The forming operation 
should be completed within 10 to 
15 seconds after material has been 
removed from its heating position. 
This time becomes critical when 
using thin material, such as ,/,-ineh 
thick, because the material tempert- 
ature drops rapidly. If this time 
is exceeded, it is probable that the 
material will crack during the 
actual forming. 

The importance of correctly de 
signed and well-built forming dies 
cannot be stressed too strongly. 
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§ SERIES « Light duty, one 
direction ball thrust bear- 
Flat seat. Flat races. 
ze ball retainer .. . 
Se sizes 12" te 3%" UD. 





1000 SERIES « Light duty ball 
thrust bearing. Filet seat. 
Grooved races. Pressed steel 
retainer. Metric standard . 

26 sizes 10 to 125 mm. 1D. 











c 


Judged by every quality and performance standard 
Aetna bearings measure up to modern 


industry’s increasingly 


That’s why Aetna has a customer 
list that reads like Who’s Who in 
American Industry—why 80% 
of Aetna’s business comes 
from firms it has served 

for 20 or more years. 

Aetna has specialized on the 
advanced development, pro- 
duction and application of 
high precision anti- 
products for nearly four decades. 
Be sure to give this valuable back- 


ground of experience 


consideration when planning improve- 
ments of your present products or 
developing new ones for future production. 
We welcome your inquiry. 


CLUTCH BEARINGS « Ball 
thrust clutch release bear- 
* AnA Pp Sack ol. jad 





T-type, oil imp regnated 








SERIES « Light duty, one 


direction ball thrust bear- 
ing. Flat seat. Flat races. 
Pressed steel retainer . 

16 sizes 2" to 6" LD. 





1100 SERIES « Medium duty 
ball thrust bearing. Grooved 
races. Pressed steel orbronze 
(large sizes) retainer ... 23 
metricsizes 1010 140mm.i.D. 


exacting needs. 


friction 


your serious 


Aetna 





Precision Bearings and Parts 
for Every Branch of Industry 


AETNA BALL AND ROLLER 
BEARING COMPANY 


DIVISION OF 
PARKERSBURG-AETNA CORPORATION 


F SERIES « Light duty, one 
direction thrust bearing. 
Flat seat. Grooved races. 
Pressed steel retainer . . . 
43 sizes 4" to 342" LD. 





1400 SERIES « Medium duty. 


Grooved races. Spherical 
seat. Pressed steel or bronze 
(large sizes) retainer... 23 
metricsizes 10to 140mm.1.D. 


SPECIAL BEARINGS « Facili- 
ties for sizes up te 38” O.D. 


Counsel 


CHICAGO 39, ILLINOIS 
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that brings you 
the expert technical aid that 


G SERIES « Medium duty ball 
thrust bearing. Groov 
races. Pressed steel of 





E SERIES © Medium duty ball 
thrust bearing. Banded. Fiat 
seat. Grooved races. Full 





bronze (large sizes) retai 
«++ 76 sizes 2" to 7%" 1D. 





W SERIES « Case hardened 
and ground filet washers 
for various Thrust and 
Spacer applications. Slip 
fit. 38 sizes 2" to 342" 1.D. 


reteiner astures con- hes licked aouy Fd an je se gph mens — 
isagiite pertormence. 4600 SCHUBERT AVENUE Spplitation problems.” finish specifications. 


PRECISION PARTS « Aetna 
is versatile—can mass-pro- 
duce vitel parts in almost 
limitless sizes and shapes— 


\ t of balls... 
40 sizes Ys" te 34" 1D. 





R SERIES « Ball thrust 
retainer. One piece, a 
steel, channel type cage 

79 inch sizes 0.266" 
4.232" 1.D. 










tion, load saab 
tion, care and main 
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CONNEC 


Pett) 5752 DN AVE 














SPECIAL 
TUBING 


For high volume production or small quantity 
runs, our complete, modern facilities are at your 
disposal for any special formed tubing you 
might require. 


BENDING—FLARING 
SWAGING—ASSEMBLING 


Our engineering department will help 
develop special designs, submit 
samples and quote on your tubing 
requirements, special lubricating de- 
vices and oilers. We always main- 
tain a large stock of standard oilers 
at the Detroit factory. 


WRITE FOR CATALOG 
Our new catalog is designed for your purchasing and 


engineering needs. Illustrates and gives complete dato 
en all standard parts. Send for your copy today. 


EYNON-DAKIN CO. 


9901 Freeland Detroit 27, Michigan 





PD 
TORS 


WRITE FOR 80-PAGE CATALOG 


CINCINNATI 27, OHIO 
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Dies and fixtures are made with 
the same precision as those usej 
in fabricating metal. However, the 
pressures necessary for post-form. 
ing plastic laminates are much legs 
than those used in forming metals, 
A pressure of 10 psi or lower wil] 
be satisfactory 99 per cent of the 
time. Therefore, the die materia] 
can be lighter in weight and less 
expensive than most metal-form. 
ing dies. 





Forming Limits: At the present 
time there are four distinctly dif. 
ferent grades of thermosetting 
laminates being post-formed: (1) 
phenolic-cotton fabric laminate, (2) 
phenolic paper laminate, (3) phe 
nolic-nylon fabric laminate and (4) 
combination melamine - phenolic 
paper laminate. 

The first three are primarily for 
industrial applications; the fourth 
is for decorative applications. Of 
the four types, the first and fourth 
are used in much larger volume 
than the other two. 

The minimum bending radii ob- 
tainable will quite naturally vary 
with the grade used and the thick- 
ness of the particular grade. For 
example, a post-forming grade of 
phenolic-cotton fabric laminate },- 
inch thick can be formed to a ,4- 
inch radius. The same grade },- 
inch thick can be formed to no 
smaller than a 1-inch radius. Phe- 
nolic-paper laminates, post-form- 
ing grade, can be formed to ap- 
proximately the same minimum 
radii as the phenolic-cotton fabric 
laminates. However, there will be 
a noticeable color change and craz- 
ing on the bend area of the formed 
paper laminate because of the na- 
ture of the special creped paper 
that is used to give equal formabil- 
ity in all directions of the sheet. 
The minimum bending radii for 
various thicknesses of a phenolic- 
cotton fabric laminate as listed in 
an existing specification for indus- 
trial post-forming material are 
shown in Table 1. This specifica- 
tion has been issued by the Society 
of Automotive Engineers and has 
the designation Aircraft Material 
Specification, AMS 3605. The Na- 
tional Electrical Manufacturers As- 
sociation (NEMA) has also pre- 
pared a specification for an indus- 
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throughout industry has been responsible for the 

statement—"“Maintenance Zero”. Ajax combines 
long life, graphited bronze bearings and 

steel studs with rubber cushioned resiliency. 


Every direct-connected machine 
deserves the protection of Ajax 

Flexible Couplings. Bearings, armatures 

and other expensive working parts 

/ are safeguarded by Ajax positive resilient | 

drive. Down-time of machines and even 

entire departments is prevented. 


Write for new Catalog. 
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: , AAT RUBBER-BRONZE BUSHED 
: FLEXIBLE 
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The experience of hundreds of Ajax users 


AJAX FLEXIBLE COUPLING CO. INC. 


Representatives in Principal Cities 





COUPLINGS 











WESTFIELD, N. Y. 
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DIELECTRIC 
— ss 


Gre .ce 








If it’s a question of building better 
insulation characteristics into your 
product, take a look at Frenchtown 
Engineered Ceramics. The alumina 
bodies, particularly, offer excellent 
electrical resistance at high tempera- 
tures. Take, for instance Frenchtown 
ALAMNOX charted below: 


500. 
RESISTANCE of 
300. (95% Alumina) 


200. 
100. 


50. 
30. 
20. 


Electrical Resistonce in Megohms 


Temperature in Degrees 
500 600 





3 

300 400 
High dielectric strength is only one 
of the many desirable properties. Low 
thermal expansion, good thermal con- 
ductivity, excellent mechanical strength 
and wear resistance have enabled many 
manufacturers to improve over-all per- 
formance of their products. 


= 


700 800 900 


For complete in- 
formation, send 
for this bulletin 
on Design Princi- 
ples and chart of 
electrical and me- 
chanical properties 
of FRENCHTOWN 
ENGINEERED 
CERAMICS. 


nenchlowie 





PORCELAIN COMPANY 


88 Muirhead Ave... . Trenton 9, N.J 
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trial post-forming laminate. In 
addition, there now exists a new 
military specification for similar 
material. Its designation is MIL- 
P-8655 (Aer), Plastic Material, 
Laminated, Thermosetting Sheets, 
Cotton-Fabric-Base. Post-forming. 

Not much data are available on 
the bending limitations of the phe- 
nolic-nylon laminate. However, 
this type generally has forming 


Table 1—Bending Limitations for 
Phenolic-Cotton Fabric Laminate 





Laminate Minimum 
Thickness Bending Radius 
(in.) (in.) 





characteristics similar to those of 
the phenolic-cotton fabric mate- 
rial. 

In an entirely different category 
is the decorative type of post-form- 
ing laminate. This is the combina- 
tion melamine-phenolic paper base 
material. It is necessary to use 
melamine resin on the surface of 
decorative material because of its 
heat resistance, abrasion resist- 


ance and color fastness. Unfor- 
tunately, from a_ post-forming 
standpoint, melamine is_ funda- 


mentally a much more brittle ther- 
mosetting resin than phenolic. As 
a consequence, the minimum ben- 
ding radii obtainable with this 
combination assembly are much 
larger than those obtainable with 
a 100 per cent phenolic assembly. 
With the normal decorative post- 
forming grades available, which 
are approximately ;\,-inch thick, 
a 34-inch radius can be formed 
when the decorative melamine sur- 
face is put in tension during the 
forming, i.e., an outside bend; a 
3g-inch radius can be formed when 
the decorative melamine surface 
is put in compression, i.e., an in- 
side bend. 

From a paper of the same title 
presented at the Twenty-Second 
Annual Meeting of the American 
Society of Tool Engineers in Phila- 
delphia, Pa., April, 1954. 


Build Protection 
into HYDRAULIC 
SYSTEMS with 


Kod 
Aaa 
4m 








Keep ferrous particles from circulating 
and building up in fluid power systems 
of hydraulic equipment. Frantz Ferro- 
Filters help prevent scratching and 
scoring, sticking and non-functioning 
of high pressure pumps, valves and 
other parts which have close toler- 
ances and are sensitive to fine parti- 
cles of metal and rust. 





GRIDS GRIP GRIT 


Liquid flows at low velocity through a stack 
of steel grids strongly magnetized by Alnico 
permanent magnets. The “honeycomb” de- 
sign splits the stream and even the smallest 
ferrous particles pass close to and are caught 
on the magnetized grid edges (see inset 
above). All parts easily cleaned. Ferro- 
Filters have no moving parts; no replace 
ments to buy; are quickly installed. 


Send for BULLETIN PM-83 


S. G. FRANTZ CO., Inc. 


P. O. Box 1138 Trenton 6, N, J. 
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, sintered metal parts 


save metal, machining time and money 
cost less in production quantities 

can be oil impregnated for self-lubrication 
improve product performance 




















OUR 100th YEAR 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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SE LY 


Solved by WAT LO 
|The Case: | 


Certain bacteria (the anaerobes) cannot exist in 
free oxygen. Because they are useful in research, 
they are cultivated in a Brewer Anaerobic Jar which 
makes use of hydrogen or illuminating gas to 
eliminate free oxygen. 


The Solution: 


Watlow designed a special cartridge unit sealed in o 
%” brass tube with a pipe thread and mole plug, 
operating at 115v, 25w, and measuring 5” overall. 
When heated, it activates a platinized catalyst which 
causes the hydrogen to combine with the free oxygen 
to form water. The ‘‘bugs"’ are then free to live and 
reproduce in warm, comfortable ‘‘no-oxygen"’ sur- 
roundings 


ELECTRIC 
HEAT 








Since 1922 — Designers and Manv- 
facturers of Electric Heating Units 





Watlow solves 
See sees ELECTRIC MFG. CO. 
ever day. Wha F) 
ae iain Saal ? (' 1 1384 FERGUSON AVE. 
— SAINT LOUIS 14, MO. 


HOT PLATES IMMERSION BAND CARTRIDGE 


ARMSTRONG (1)\) 24V/// 
ADHESIVES FOR BONDING 


METAL § 


Users everywhere report highly satisfactory 
results with Armstrong Adhesives for bond- 
ing metals either to themselves or to many 
other materials such as thermosetting plas- 
tics, ceramic, wood, glass, and hard rubber. 
Tensile shear strengths up to 3,000 P.S.I. 
on aluminum alloy and 4,500 P.S.I. on steel. 


FIVE STANDARD GRADES AVAILABLE | 
A-! Adhesive (Reddish Brown). A general 
purpose adhesive having good all around 
mechanical strength properties. 

A-2 Adhesive (Off-White). Has somewhat 
better electrical resistance properties than 
other grades. Because of its color this ad- 
hesive is used quite extensively in bond- 
ing ceramics. 

A-3 Adhesive (Black). Has properties sim- 
ilar to the A-1. It can be used in place of 
the A-1 where the black color is desired. 

A-4 Adhesive (Aluminum Gray). Somewhat heavier in viscosity -- —--<--<<-<-<-<<- 
and has greater tackiness than the above grades. Ideal for ! TRIAL KIT 
use on vertical surfaces where less viscous materials might Bay Test | in- 

nein a apres - i cluding activators, 

Tensile shear strength same as A-1l. } $1.00 eoch, F.0.B. 

Wersew, Ind. Sent 
postpa mn U. 5S. of 

1 id in U. S 
Canada if remittance 
accompanies order. 
Each kit contains a 

| generous portion of a 


ARMSTRONG PRODUCTS CO.Pestaeoome 


1 Specify grade desired. 
WARSAW, INDIANA 1 





tend to run. 


A-6 Adhesive (Dark Gray). This formulation was designed pri- 
marily for bonding aluminum and is recommended for use on 
copper and copper alloys. 


PRODUCTS OF 


\t RESEARCH 
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OF MACHINES 


Richard B. Holmes, general man- 
ager of Link-Belt Co., Philadelphia, 
has been elected president of the 
American Gear Manufacturers As. 
sociation for the fiscal year 1954. 
1955. Mr. Holmes graduated from 
Purdue University with a B.S. de. 
gree in mechanical engineering. He 
has spent his entire business career 
with Link-Belt, serving in various 


Richard B. Holmes 


capacities and assuming his present 
position in 1945. Mr. Holmes has 
been an active AGMA member for 
a number of years and has served 
as chairman of several committees, 
as a member of the executive com- 
mittee and as treasurer and vice 
president. He is also a member of 
the American Society of Mechan- 
ical Engineers, the Metal Manufac- 
turers Association and the Nation- 
al Metal Trades Association. 


Formerly assistant to the com- 
pany’s vice president of engineer- 
ing, Frank W. Davis has been 
named chief engineer of the Fort 
Worth Div. of Consolidated Vultee 
Aircraft Corp. In 1947 Mr. Davis 
joined the engineering staff of Con- 
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MORE HP PER POUNDe MORE HP 


190,000 STANDAR 


IN.e MORE HP PER DOLLAR 


PER CU. 





D 97och ANSWERS 


ro//pwtonive PROBLEMS 


Look closely at the cutaway views above. Note how the 
worm wraps around the gear and the gear around the worm. 
That's the double-enveloping princijie of Cone-Drive gears. 
It gives you high load-carrying capacity, long life and 
less weight, all in an extremely compact unit. 


Size for size, Cone-Drive speed reducers will out-perform 
any other worm geared speed reducer on the market. 


Yet, you can select any one of 190,000 standard stock re- 
ducers to solve your specific drive problem the efficient way. 


You can choose ratios from 5:1 to 4900:1. 


You can handle loads from fractional to 800 hp. 


You get all this with only 58 standardized mountings. 


Cone-Drive gears offers this versatility because of their 
modern manufacturing methods. All parts for a given center 
distance — gears, mountings, bearings, housings, fan-cooling 
attachments and water cooling coils, etc.—are standardized 





RIVE GEARS 




















DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 
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whether you require worm under or over, gear shaft vertical 
or horizontal, single or double-extended shafts, right or 
left hand. All of these parts are completely interchangeable 
for a given center distance, too. 


Find out more about Cone-Drive speed reducers. Ask for 
Bulletin 8901-50 











L \Guision Michigan Tool Comyatonup 


7171 E. McNichols Road ¢ Detroit 12, Michigan 
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Packaging 15 products per minute 
a Th sanitary, see-through “skins” 


AR 
...STOKES & SMITH 
STRETCHRAP MACHINE 


USES 7) WINSMITH 
SPEED REDUCERS 








Wrapping tight, wrinkle-free “skins” of transparent Pliofilm to the con- 


tours of meats, cheeses, fruits, vegetables, toys, soap, etc., the Stokes & 
Smith Stretchrap Machine packages up to 15 odd-shaped products per 
minute. 


Fed from a roll, the Pliofilm is first heated, then stretched and drawn 
by vacuum into a pocket to receive the product. Driving the cam shaft 
that actuates the air valves controlling the operation of the machine 
is a motor-powered, Winsmith Worm Gear Speed Reducer, Model 2 DB, 
with an input speed of 1350 rpm and a reduction ratio of 25:1. 

Carrying a steady stream of contour-wrapped products from the 
machine, the conveyor is driven by another Winsmith Reducer, Model 
DB, which is powered by the same main drive 3 HP motor. With an 
input speed of 1440 rpm, it operates at a 50:1 reduction ratio. 

In stressing advantages of Winsmith Reducers, Stokes and Smith 
Company states, “They have worked in nicely with our space limitations.” 

Compactness, coupled with ruggedness, have been key factors in 
establishing the Winsmith name, plus this fact: The Winsmith line 
fulfills any speed reduction neeti throughout the 1/100 to 85 hp range 
in ratios from 1.1:1 to 50,000:1. Request Catalog 148 for details. 









Ww WINSMITH, INC. 
\9 @ 16 ELTON ST. 
\ SPRINGVILLE (Er'e County), N. Y. 
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EQUIPPED WITH 


Men of Machines 
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vair’s San Diego Div., where he 
served as chief design engineer. 


C. B. Campbell has been appoint- 
ed chief engineer of the South Pail. 
adelphia, Pa., Steam Div. of West- 
inghouse Electric Corp. Having 
joined the company in 1919 as a 
technical apprentice, Mr. Campbell 
has held various supervisory posi- 
tions in the steam division’s engi- 
neering department and has served 
as consulting engineer for the divi- 
sion since 1952. 


The General Machinery Div. of 
Allis-Chalmers Mfg. Co., Milwau- 
kee, has appointed R. C. Allen di- 
rector of mechanical engineering 
and L. J. Linde director of electri- 
cal engineering. Mr. Allen had been 
consulting engineer in the office of 
the director of engineéring since 
1951. He joined the company’s 
steam turbine department in 1936, 
after serving in executive engi- 
neering capacities for various con- 
cerns including Westinghouse Elec- 
tric Corp., A. O. Smith Corp. and 
Murray Iron Works Co. At Allis- 
Chalmers, he served as chief engi- 
neer, assistant manager, and man- 
ager and chief engineer of the 
steam turbine department until 
1947, when he became manager 
and chief engineer of the turbo- 
power development department. 
Mr. Allen is a member of the Amer- 


R. C. Allen 
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ANACONDA 
METALS AT WORK 


The American Brass Company develops 

a new kind of brass that cuts polishing time 50% 

for one manufacturer and improves product 
appearance for another...makes bronzes 
that extend the life of many metal parts 





Old aye incurance... 


It's easy to take out. And you pay no premium. 
All you do is specify ANaconpA Phosphor 
Bronze for the many components like those 
shown. Ten alloys are available in seven forms. 
All are strong and tough. They bear up under 
constant wear and flexings, periodic stresses, 
fatigue and corrosion. They resist abrasion . 
conduct heat and ele sctricity well... keep their ir 
high elasticity. We'll be glad to he Ip you select 
the Phosphor Bronze Alloy that’s just right for 
your job. 


LJant more information ? 


Our Technical Department can give you a wealth of 
information on the properties and applications of 


Formbrite and Phosphor Bronze. Write to: The American 


Brass Company, Waterbury 20, Conn. In Canada: 


Anaconda American Brass Ltd., New Toronto, Ont. 
Reg. U. S. Pat. Of. 


MACHINE DESIGN—July 1954 








ight. on high luster at low cost 


The high luster on these brass flashlight 
end caps didn’t come naturally. Niagara 
Searchlight Corp., Buffalo, N. Y., had 
to buff it on. This was a high-cost . 
operation. Now Niagara uses 
Formbrite* . . . a new kind of drawing 
brass that provides a surface far 
superior to ordinary brasses. 
Result? Niagara reports a 50% cut 
in polishing time. Plating and 9) 
general quality are improved, , 
too. And they find 
Formbrite easy to form, 
draw or emboss. 














(hate ina nameplate 7 


According to the Arlen Trophy 
Co., Brooklyn, N. Y., one of the 
largest trophy and premium 
manufacturers in the country, 
the appearance of a nameplate 
often means the difference be- 
tween landing or losing a sale. 
But price is important, too. 
That's why Arlen now makes 
their nameplates out of Form- 
brite. It costs no more than ordi- 
nary brasses. Yet, because of its 
superfine grain structure, it pol- 
ishes to a bright finish in half 
the time. Formbrite results in 
harder, stronger, springier, more 


scratch-resistant products, too. 
6482 


IACONDA 


the name to remember in COPPER - BRASS - BRONZE 
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MADE TO 


YOUR ORDER f 


With broad experience in com- 
pounding natural rubber and all 
polymers, ACUSHNET specializes 


synthetic 


peered 


in custom-engi- 


neered ‘‘precision’’ molded rubber parts made exact to 


specifications. None are stocked. 


If molded rubber parts are to 


perform a service vital to the 
efficiency, longevity and reputa- 
tion of your products, discuss your 
requirements direct with our engi- 
neers. Their collective, specialized 
knowledge of mold design, modern 
compounding techniques and pro- 


duction efficiencies, can be applied 


to your problems with effective, 


design. 


PROCESS COMPANY 


« 
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economical results. Especially valu- 
able is this knowledge when ap- \ 
plied in the initial stages of your \ 







Send for your copy of the widely used “Acushnet 
Rubber Handbook", a comprehensive, practical 
rubber data reference. Please make request on 


your compony letterhead. 





Address all communications to 762 Belleville Ave., New Bedford, Mass. 
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L. J. Linde 


ican Society of Mechanical Engi- 
neers, the Society of Naval Archi- 
tects and Marine Engineers, the 
American Society of Naval Engi- 
neers and the Engineers’ Society of 
Milwaukee. 

Mr. Linde served Allis-Chalmers 
as a consulting engineer before his 
appointment as assistant general 
manager and chief engineer of the 
Boston Works in 1951. Previously 
he was chief engineer for A. B. 
Chance Co. and was associated with 
the power circuit breaker division 
of General Electric Co. He is a 
member of the American Institute 
of Electrical Engineers, the Amer- 
ican Society of Mechanical Engi- 
neers, the Electrical Engineers In- 
stitute of England and the Inter- 
national Conference on High Volt- 
age Research of Paris, France. 


Daystrom Instrument Div. of 
Daystrom Inc. at Archbald, Pa., has 
named Nelson H. Mageoch vice 
president. Mr. Mageoch has been 
director of engineering and re 
search at the instrument plant 
since 1951. 


The appointment of Roy Witte 
as chief mechanical engineer and 
William F. Boylan as chief elec- 
tronic engineer has been announced 
by Magnecord Inc., Chicago. Mr. 
Witte joined the company in De 
cember 1953 as a project engineer. 
Mr. Boylan has been associated 
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ns A Word to Wise (Profit Wise) Designers ! 


Our (000 TOM PRESS BRAKE Cuts Costs Whenever It's Used ! 


Shown above is the new and To what extent our Press Brake is used, depends largely upon the design engineer... 
wees FRE CORNED This Brake will bend one inch plates up to 18 feet long. Also plates up to 


abrasive belt grinder—designed 
and built by Hill Acme six inches thick in variable lengths depending upon bending detail. By using this 
of Cleveland, tie. The three Brake, we can show you record savings over conventional cutting and welding. 
weldments shown form the 
base for this machine. Bending Couple these savings with our completely modern shop, under the guidance of top 
layed a large part i . . _ : 
eu goto welding engineers, and you have a combination that is hard to 


the forming of this base 7 
~ beat for service, as well as price. Write now for further information. 






le 


Republic Structural lron Works | 
ae ae real 












BEARINGS! 


TYPE RF 


FILMOSEAL 
from 0.1969” O.D. 


Smallest Sealed Retainer Type Radial 
Ball Bearing 


An RMB First 


This is a miniature bearing! It looks like a big 
bearing, doesn't it? That's because it has all the 
features of a big bearing, such as— 


e@ Deep groove races 

e@ Balanced two-piece or snap-type ball retainer 
e@ Non-rubbing capillary oil seal 

@ Removable and replaceable dust shield 

® Precision tolerances 


RMB Type RF Filmoseal bearings (illustrated) ore 


available in sizes from 0.1969" O.D. 
Type RF now available in R2 size (ABEC-1, 3, 5) 
(Ye" bore—¥%" O.D.) 
Bring your Miniature 
Bearing Problems to RMB 


A complete line of over 250 miniature and instru- 
ment bearings including radial and roller types 
available for prompt delivery. Experimental quan- 
tities from stock. 


Write for catalog 12 
Or see our catalog in Sweet's Files. 


QPS LANDIS g GYR 


INCORPORATED 
45 WEST 45TH ST. * NEW YORK 36, N. Y. 
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with Magnecord since 1950 as an 
electrical engineer and as senior 
electrical engineer on commercial 
production. 


Waterbury Farrel Foundry & Ma- 
chine Co., Waterbury, Conn., has 
appointed George Backman man- 
ager and chief engineer of the Roll- 
ing Mill and Mill Machinery Div. 
Mr. Backman joined the company 


in 1930 as an engineer in the press | 


department, working on the design 
and development of presses and 
cartridge machinery. He was trans- 
ferred to the Rolling Mill Machin- 
ery Div. in 1936. 


H. G. Bauer has been appointed 
to the new post of vice president 


and general sales manager of De | 


Laval Steam Turb:ne Co., Trenton, 
N. J. He previously served as vice 
president in charge of engineering 
and manager of the marine divi- 
sion. 


Vice president in charge of engi- 
neering and research of Westing- 
house Electric Corp., Pittsburgh, 
A. C. Monteith has been elected 
president of the American Institute 
of Electrical Engineers. He will 


take office August 1 and will serve | 


for a year. Dr. Monteith has been 
associated with Westinghouse for 
30 years, having joined the com- 
pany as a student trainee and pro- 


A. C. Monteith 




















Please show this to 


a highly capable 


Product-Design 
Chief Engineer 
who is ready for his 


lifetime opportunity 


We are enlarging our line, and 
need a Chief Engineer who is 
competent to head up three im- 
portant departments: General En- 
gineering, New Product Develop- 
ment, Testing Laboratory. 


He must be a mechanical en- 
gineer with experience in electrical 
and metallurgical design problems, 
preferably of products such as elec- 
trical conductor fittings, which is 


one of our lines. 


Experience in testing mechanical 
and electrical devices will be valu- 
able, as one of his first duties will 
be supervising the equipment of a 
built for 
fittings and 


new laboratory being 


testing conductor 


other electrical equipment. 


This opportunity is exceptional, 
for a man who can measure up 
to its requirements. Authority will 
be commensurate with 
bility. As Chief Engineer he will 
be a member of our top-manage- 


responsi- 


ment team, and as such will be 
compensated by a combination of 


base salary and executive bonus. 


If you know someone who meas- 
ures up to this opportunity, please 
have him write us giving complete 
information including age, educa- 
tion, and full details of experi- 
ence. All replies will be held in 
strictest confidence. If qualified, a 
personal interview will be ar- 
ranged either in the applicant's city 
or at our plant. Our employees 
know of this advertisement. 


Box 847 
MACHINE DESIGN 
Cleveland 13, O. 





— 
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COMPLEX PARTS ARE A CINCH 


By conventional casting and machining 
methods, this part would be high in cost 
and would require extensive equipment 
investment. Through the use of metal 
powder techniques, it has been mass- 
produced with important over-all savings. 


Note the construction details on the print 
in the background. Formerly many machin- 
ing processes were necessary before this 
part was ready to be assembled into a 





moraine 
products 


DIVISION OF GENERAL MOTORS CORPORATION, DAYTON, OHIO 


complete, operating mechanism. Now it 
comes from a press complete in a single 
operation . . . another example of what 
can be accomplished through cooperative 
effort between customer and Moraine. 


Moraine’s experience with metal powder 
is contributing widely to modern industry. 
Many complex designs are resolved into 
practical, economical production jobs that 
improve performance and lower costs. 


METAL 
POWDER 


PARTS 
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Keep This View 
Out of Your Picture 


MECHANICS Roller Bearing UNIVERSAL JOINTS 
will give your trucks more road time and less 


shop time because MECHANICS JOINTS are 
specially designed with less parts and con- 
nections — for easy assembly and servicing — 
smooth running balance — maximum strength with 
less weight —- and long, trouble-free, safe oper- 
ation. 

MECHANICS JOINTS can be serviced without 
disturbing other attachments or altering original 
propeller shaft balance. Let MECHANICS engi- 
neers give your trucks or heavy duty machines 
these competitive advantages. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner 
2032 HARRISON AVE. ROCKFORD, ILLINOIS 
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gressing through various positions 
to the post he now holds. He re- 
ceived the Westinghouse Order of 
Merit in 1948. A fellow in the 
AIEE, Dr. Monteith is an honorary 
member of the American Society 
of Mechanical Engineers and a 
member of the American Society 
for Engineering Education, the En- 
gineers Society of Western Penn- 
sylvania and the Conference Inter- 
nationale des Grands Reseaux 
Electriques. 


Joseph P. Crosby, vice president 
and a director of LaPointe Machine 
Tool Co., Hudson, Mass., was elect- 
ed president of the American So- 
ciety of Tool Engineers for the 
coming year. 


Evans T. Morton has been elect- 
ed a vice president of Midwest Mfg. 
Corp., subsidiary of Admiral Corp. 
at Galesburg, Ill. A graduate of 
the University of Michigan, Mr. 
Morton spent two years on devel- 
opment work in the Norge refriger- 
ator laboratory, then joined Stew- 


art Warner Corp. as chief labora- 


tory engineer. He became associ- 
ated with Admiral in 1942 as a pro- 
duction engineer, was made design 
engineer in 1944 and later became 
chief engineer. When the company 
acquired Midwest Mfg. Corp. in 
1950, he was appointed director of 
engineering of Admiral major ap- 
pliances, a position he retains. 


Evans T. Morton 












a sign of 





To everyone this is 


peace 


And to smart gear users 


this is a sign 


of good gears. 


“Gears...Good Gears Only” : 


THE CINCINNATI GEAR CO. ¢ cINCINNATI 27, OHIO 








FOR A MONEY-BACK 
GUARANTEE 


OF LONGER SERVICE 
specify 


BEARINGS * BUSHINGS 
WEARING PARTS 
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Wear Plates—Promet #6 


Sold only under a rigid guarantee of 
superior and satisfactory service or a 
refund of the purchase price upon re- 
turn—the customer's opinion to be final. 


— » . es d and special 
mulas developed to cope with spe- 
cific or unusual conditions. Assure the 





best combination of physical proper- 
ties, strength in tension and compres- 
sion, hardness, and ability to sustain 
both static and dynamic loading. 


Protect the shaft or other moving 
parts from injury, scoring, and selzing 
due to temporary interruption or fall- 
ure of lubrication, and at the begin- 
ning and end of a run, when the speed 
of rotation is insufficient to maintain 
the oil film. 


Will not wder under the most 
severe conditions of service. Available 
rough cast or machined to precisely 
controlled tolerances. They can be ma- 
chined at surface speeds up to 875 
lineal feet per minute. 


Castings to your patterns—any size, 
shape or section—delivered as sched- 
uled and specified. Pattern making, de- 
signing and machining when required. 


Write today for free literature and 
service data sheets. Send blueprints, 
conditions of tion and other data 
for recommendations and quotations. 
You are invited to discuss your bear- 
ing problems with our metallurgists, en- 
gineers, and laboratory technicians. 








THE AMERICAN CRUCIBLE 
PRODUCTS CO. 


Bearing Specialists Since 1919 
1321 Oberlin Avesue 
Lorain, Ohio, U, S. A. 





| 
| 
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BEARINGS 











Lu lm NYLON 


Solve Many 
Bearing Problems 


e RESILIENCY RESISTS POUNDOUT @ PERMIT DRY 
OPERATION e MINIMIZE ABRASION FAILURES e 
SILENT OPERATION @ LOWER FRICTION @ SUPERIOR 


CORROSION RESISTANCE @ OPERATE IN LIQUIDS e 
ELIMINATE FRICTION OXIDATION @ LIGHT WEIGHT 
@ DAMP MECHANICAL VIBRATION @ EXTREMELY 
COMPACT @ CLOSE FITS @ NON-CONTAMINATING e 
LOW COST @ LONGER LIFE @ LESS MAINTENANCE 
@ BEARING SURFACE INSTANTLY REPLACEABLE 


*NYLINED Bearings have a highly engineered thin liner of 
DuPont Nylon, designed to bring bearing users the many bene- 
fits of Nylon as a bearing material by solving most of the 
limitations surrounding its use. 


For further information and the name of your local representative, write 
THOMSON INDUSTRIES, Inc. 
“SS Dept. ? 
DAN pt. 


Manhasset, New York 









Also Manufacturers of BALL BUSHINGS... 
The Ball Bearing for Linear Motions 





Iyrerwerrent ROTARY MOTION for driven 
shafts is achieved with a combination drive mechan. 
ism designed by E. Wildhaber and described in patent 
2,656,731. Combining a gear drive with a pin and 
slot drive, the mechanism converts uniform angular 
velocity into a cyclic motion in which the driven shaft 
accelerates gradually from dwell to maximum ve- 
locity, is rotated through a predetermined angle at 
this velocity, and then gradually decelerates to a 
dwell, remaining in the dwell position while the drive 
member rotates through a prescribed angle. The 
deceleration, dwell and acceleration motion sequence 
is produced by the pin and slot drive which is de 
signed to pick up the load just as the partially-toothed 


drive gear disengages from the driven shaft. When © 


the driven shaft enters the uniform velocity portion 
of the cycle, the gear drive re-cngages and the pin 


and slot drive is disengaged. Assigned to the Glea- — 


son Works, the patent also describes a modified form 
of the mechanism for machine indexing applications, 


Fan-sare BRAKING of rotating members is ob- 
tained magnetically with a unit designed by K. M. 
Feiertag. Based on the principle of the magnetic- 
particle clutch, the design detailed in patent 2,656,026 
employs two opposed magnetic fields, one generated 
by a set of permanent magnets and the other by elec- 
tromagnets, to control braking action. Brake engage- 
ment is provided by the permanent magnets which 
act to solidify an iron particle mixture in the air gap 
between the stationary and rotating members. Brake 














release is accomplished by energizing the electro- 
magnets which produce a bucking magnetic flux to 
neutralize the particle mixture. Degree of braking 
effort can be varied through regulation of the cur- 
rent supplied to the electromagnets; complete power 
failure causes the brakes to lock in the engaged 
position. Also suitable for use as a clutch, the design 
offers application where driving connection between 
rotating members is required even though the power 
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Magnesium extruded shapes ready for immediate shipment. 


a new look at Magnesium! 


Designers and cost-conscious production men have found the answer to 


NEW AVAILA BILITY. e « their problems in many applications with magnesium extrusions—now 


produced by new Dow facilities. Standard and special shapes, bars, rods 


SHAPES AND LENGTHS and tubing—all are readily available in alloys which save weight, add 


strength, cut costs. Get information on magnesium from your nearest 


NE\ ER BEF ORE EXTRUDED Dow sales office or write THE DOW CHEMICAL COMPANY, Midland, Michigan. 





pector checking special ex- Magnesium bars, rods, shapes and World’s first 84-inch magnesium This coil of magnesium shee 
ted shapes offered in a wide tubing. Available in diameters or coil mill now rolls sheet and plate in started through the 84-inch co 
nety of alloys and sizes. cross sections up to 10 inches. mill as a one-ton rolling ingot 


you can depend on DOW MAGNESIUM iple)',"/ 


greater lengths and widths. 











High quality finish and low mainten- 
ance Costs are features of these Pitts- 
burgh brushes used as original equip- 
ment by the W. S. Rockwell Co. 


Want to 
Improve Original 
Equipment? 


Here’s the experience of one firm 
that did, the W. S. Rockwell Com- 
pany, Fairfield, Conn., producers of 
a line of cleaning machines used on 
continuous strip annealing and 
pickling lines. A special problem 
existed in connection with these 
machines since the cold water 


Leet by 
ama 
rinse employed had a corrosive 


WRITETODAYforyour effect on most wire brushes. 
free copy of our new 


booklet that shows, Pittsburgh recommended four 
through actual case 


histories, how Pitts. Stainless steel wire brushes .. . 
burgh help c a is : 

your brushing cows, Operating in a stainless steel tank. 
Address: Pittsburgh T , 
a he brushes proved to be the 
Division, Dept, W-5, answer—providing fast, economi- 
3221 Frederick Ave., ° a" 
Baltimore 29, Md. cal performance while resisting 

corrosion. 


PITTSBURGH 


Feuer sven 
BRUSHES 
BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS ® FIBER GLASS 








PITTSBURGH PLATE GLASS COMPANY 
IN CANADA: CANADIAN PITTSBURGH INDUSTRIES LIMITED 
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Noteworthy Patents 





supply is interrupted. Assignee of the patent is 
General Electric Co. 


Rorationar SPEED MEASUREMENT of higb- 
speed shafts is accomplished with a novel fluid pres- 
sure tachometer designed by H. E. Barrett, S. J. Hall, 
and W. C. Schaffer. Described in patent 2,657,699, 
the device uses the principle of the flyball governor 
to move a piston that controls the fluid pressure out- 
put of the device. Designed so that the pressure is 
proportional to the rotational speed of the shaft, the 
device can be utilized as a means of automatic speed 
control and is suitable for application with turbines 
or other similar types of high-speed rotating ma- 
chinery. The three inventors have assigned their 
patent to the Curtiss-Wright Corp. 


ExecrromaGnetic FLUID PUMP without mov- 
ing parts is described in patent 2,655,107 assigned to 
the Atomic Energy Commission. Designed for use 
with electrically conductive fluids, the pump utilizes 
the force resulting from the interaction of an elec- 
tric current passing through the fluid and an im- 














pressed magnetic field to force the fluid through 4 
tubular pumping chamber. Electric current is sup- 
plied by two electrodes placed along the tubing. Opti- 
mum pumping action is obtained by placing the pole 
pieces of the magnet so that one electrode is in the 
middle of the magnetic field. Application of the device 
as a flowmeter is also discussed in the patent which 
has been assigned by N. H. Godbold. 


Srep.ess SPEED REGULATION of electrically 
controlled clutches is obtained with a variable resist- 
ance governor covered in patent 2,657,323. Designed 
by R. L. Jaeschke, the governor utilizes a carbon pile 
arrangement to automatically control current flow 
to the clutch. Mounted on the rotating output clutch 


MACHINE DESIGN—July 1954 














“AGO@ aHL NO Ga1gWASSVY GiddIHS SAIHILNID 


‘yuawasinbas dyIdads 
InOA JOJ VO LI[eJsUI puke YdynNPD WB 
ay} JO VON IIIS 3991102 JO} dDULSISSE 
jeuosiad nod dard [Im si90ulZua INO 


‘OJI] ADtAJas ayquyyosd ‘Fuoy osye 
ing ‘souTyeW jeIysnpur jyuRyodwI ut 
pesmbar Advind.e Furydexa dy} ATUO jou 
apraoid *** sdstp ay} jo sadvy SurFedua 
uO sadvjINs ony ey’ * Zururyscw ast 
aid pur uonongysu0> passni 4ordwo 





LNDILIINNOD ‘YILSIHINVW 
"O29 ANIHIVW NOSNHOSP JITIA18YV9 FHL 


‘uOoIssiwsuRI) JaMod ayqepuadap 303 susaqqosd nod syamsue biouxey 
MOY 99S puv*** Zoyey>y Aress9atuUY YIOS INO JOJ pag *sayIINII Istp But 
-swoy biouxey yam paddinba asam yey) ‘moys [OO] auTySeyy 3Se] ay? Ie 
Pargiyxe ‘souryseW G9 paIUNOD am AYM sUOSvaI dy JO JUIOS JIv aSayT 


‘ainssosd Sunjrys pasisap 
ayi Surureiqo 310J suvaw ay2 sapraoid Suny Zunsn{(py sy ‘s8ursdg 
yowsedag ay) JO uOTsUaI oY) IsUTESe SOSIP [][e SyDO] AIV[q BuUDMpOoT 
VY ‘2vay pur ‘uorseiqe “Seip Sunuaaoid*-*yesynau ur , 3unvog,, way 
daay sosip sauur Jo sred yova usamieq sdursdg sowasedag ayy ‘uoneIado 
YIN] 993j-3]qno2 ‘aarisod ‘yI00uIs 03 sa3nqizqUOD 33ed AJ9Aa pue YDeY 


‘Aypenuews***31 ajquiasse pue “sede 31 aye3 ‘31 asn{pe 
01 si 31 Asva Moy pue***YyIni>y brouxey a[8urs & yo sized [Te smoys 
Aysvay> IZ “WoW0g ay) Ie asNIDId aya apnouT O29 Aem gadosd AyUO ay? 
sem 31 Ing ‘punose suizeSew siy3 BurUINI papuTW 3,uaaey NOK adoy ayn 


“IVANVW 34vV SLNAWLSNfGV GNV ATEWASSVSIG ‘A1lGWw4assV 


L-GW ‘ON 6ojDyDD 404 puas 
*ysonbas uo 


unay[ng jeiadg ‘uonnpoid poads ysry ur peopJaa0 JeyUapre 
ysurede jnposd pur aurysew jo vor a}0I1d Joy [NJasn ATaWIII}XA st 
(‘dy ¢ 0) dn) yoynp> asvayor peojsoao dNrWOo ne broyxep sy] 


‘a]quieae Osye oie 
sdny Suratig Surjdnoy yo-yn> 40. ‘adAy Bury ‘adhy Aay~ng “sqy °34 
anbio} SuryjomM *xew ggZ 0} ¢€] WoIy puy ‘w'd's COL M ‘dy ¢1 
0} Y wos (AIp JO yam) saryeded g Ur a[quiteae st YDeq "yySII ye 
UMOYS SI a]Gnop ay} * * * adA} a]Furs dy} JO MATA AeMe-jND B ST aaoqgy 
‘ajqnog pur ajZurs ** * saydyny> bioyrxeyy jo sadAq diseq Z ase aIDY 















































MACHINE DESIGN—July 1954 















Noteworthy Patents 





— 





member, the governor has carbon disks which teng 
to separate or come together under the force of g 
moving weight controlled by centrifugal force and the 
action of a retaining spring. The resulting change 
















Weight Carbon pile | 




















| 


in resistance of the pile serves to control the current 


flow to the clutch or any other similar electrically 
Triple “M” makes controlled device. Offering high current capacity and 
wi Precision Molded Components freedom from arcing, the unit provides sensitive speed 


, holding ch teristi ver a wide range. Th t 
for Top Names in the Motor Industry aS eee © g e patent 


has been assigned to Dynamatic Corp. 


BRUSH HOLDERS AND COMMUTATORS 











Mecuanicar BRAKING of rotating parts is ac- 
. a 4 complished with a novel clamping assembly described 
Mictiest Holding in patent 2,660,264. Based on the action of a roller 
AND MANUFACTURING COMPANY against an inclined plane, the assembly tightens the 
4630 W. Fullerton Avenue brake band of a drum brake trough two levers 


Chicage 39, IMlineis pivoted so their free ends pull the ears of the band 
together. Transmission of forces through the linkage 

























is controlled by a third lever which acts to synchro- 
nize the movements of the band tightening levers. 
Actuating force can be applied to the assembly from 
any angle; roller action assures that the clamping 
force will have no component except in the proper 
direction, thus minimiz:ng uneven wear of the brake 
band. Inventor P. H. Richardson has assigned the 
patent to Paragon Gear Works. 
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OF ALLEN HEX KEYS 


To prove to yourself how tough Allen heat treated 
keys really are, slip a section of pipe over an 
Allen hex key that has already tightened a socket 
set screw to the maximum recommended. Twist 
the key around its axis a full 90° — IT sTILL 
WON'T BREAK! When the Allenoy steel key finally 





The strongest team 











Unretouched photo 


does shear, the break will be smooth. No splint- 
ers, no jagged edges to cause injury. 

For the toughest drive key made, get Allen Hex 
Keys, size-marked for convenience in all sizes 
above 144”. 

When ordering through your local industrial 
distributor, specify genuine Allen Hex Keys. 


ALLEN 


MANUFACTURING COMPANY 
Hartford 2, Connecticut, U.S.A. 


wo 
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fflac u 
DESIGN ENGINEERING 
at YOUR Service.. 


Air Conditioning 


Dust Collector: Sterilshield space cleaner removes 
dust, smoke, pollen and bacteria from the air. It 
utilizes a 1000 cfm capacity electrostatic air cleaner, 
with its associated power supply. A propeller fan 
drives air through the unit horizontally from one end 
to the other. Mounted on casters for portability, the 
unit is 33 in. long, 32 in. high and 21 in. wide. Dust 
collector cell is easily removed from its compartment 
for cleaning. Baker Co., Maplewood, Me. 

Small Cooling Tower: Model JACT, with 15-ton ca- 
pacity, is largest of a line of five cooling towers de- 
signed for use in a small home air conditioning sys- 
tem or a cooling system for a group of offices. Com- 
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Mac-it socket-head screws, providing strength 
without bulk, give lighter weight, streamlin- 
ing, and more secure fastening to equipment 
you design. Whether the design problem in- 
volves standard or special screws, Mac-it will 
add to the appearance, efficiency and per- 
formance of the equipment. Use Mac-it 
Fastener Engineering Service for all problems 
involving screws for any type application. 


MAC-IT PRECISION 


The precision manufacture and quality con- 
trol used in making Mac-it Screws provide 
users with high dimensional accuracy and uni- 
formity All Mac-it Screws in both coarse and 
fine threads are held to a class-3 fit. Mac-it 
maintains a Fastener Engineering Service for 
the design, development and production of 
screws for all types of applications. 


DISTRIBUTOR SERVICE 


Hundreds of Mac-it distributors from coast to 
coast are ready to render immediate service 
in supplying your requirements for standard 
or special screw products. 


MAC-IT SCREW DEPARTMENT 


STRONG, CARLISLE & HAMMOND COMPANY 
1392 W. 3RD. STREET - CLEVELAND 13, OHIO 
Manufactured by Mac-it Parts Co., Lancaster, Pa. 

















pact unit offers several possible locations for air out- 
lets. Galvanized after fabrication, it is suitable for 
indoor or outdoor installation and has a blower and 
fan system to provide constant capacity in either type 
of location. Cooler conserves 95 per cent of the water 
used when no tower is installed. Acme Industries Inc., 
Jackson, Mich. 

Ventilator Fan: Axial flow design ventiiator deliv- 
ers 300 cfm of air. Intake scroll measures 11 in. in 
diameter; housing is 5% in. high. Horizontal instal- 
lation is possible in restricted joist space, and because 
of straight-through air flow of axial design, elbows 
are eliminated in duct work for vertical installation. 
Mounting bars extend from housing. Unit incorpo- 
rates three air-foil shaped blades or runners mounted 
on a hub of relatively large diameter, which con- 
centrates the work on the air to the outer part of the 
runners where the greatest pressure is produced. 
Runner assembly is mounted in a streamlined venturi- 
shaped housing which increases the velocity of air 
through the runners. Trade-Wind Motorfans Inc., 
Los Angeles, Calif. 


Materials Handling 


Electric Fork Truck: Characteristics of 5000-lb ca- 
pacity model F-30T5 electric powered fork truck in- 
clude contactor controls, worm drive, caster trail 
axle, rocker arm tilt, front-wheel drive, rear-wheel 
steer, tilting and telescoping mast, center control. 
Travel speed is 544 mph with full load, 6 mph without 
load. Lifting speed is 25 fpm with full load, 42 fpm 
without load. Lowering speed is 45 fpm with full 
load, 36 fpm without load. Hoist and tilt mechanisms 
are hydraulically operated. Elwell-Parker Electric 
Co., Cleveland, O. 

Reciprocating Conveyor: Designed to feed a con- 
stant volume of any dry or moist material from an 
overhead bin, new reciprocating conveyor operates 
from plant air supply, with electricity required only to 
operate a solenoid air valve. Units of various capa- 
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ALL COMPONENTS FOR ANY WVDRAULIC 
"They work better together Ot 
WRITE FOR NEW CATALOG AND ™ 
NAME OF NEAREST FIELD OFFICE. 
Complete Engineering Service 
Available without charge. Address: 














RACINE HYDRAULICS & MACHINERY, INC, 
2073 ALBERT ST., RACINE, WISCONSIN, U.S.Ae 
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What i YOUR. 
PRODUCTION 
PROBLEM? 


Investment Castings by ARWOOD 
will solve these problems. 


\ ALLOY | Highstrength, hard to machine 
alloys are cast, eliminating pro- 


duction and performance problems. 














MACHINING | Tricky shapes, involving 
complicated machining, 
are investment cast to shape. 








‘ASSEMBLY Several small parts can be 
cast as one unit, eliminat- 
ing assembly. 

* 


For complete details on the process we will 
gladly furnish our booklet ‘Alloy Selection 
and Design for Precision Casting”’. 


ARWOOD offers: 


CAPACITY 3 production plants with complete 
tooling facilities. 


METALS Castings in all ferrous and non-ferrous 
alloys including magnesium. 


QUALITY CONTROL Air Force approved X-ray 
and heat treating facilities. Physical testing 
equipment and metallographic laboratories. 


SERVICE Sales engineers in every large industrial 
center of the country. 








PRECISION CASTING Corp. 
18 WASHINGTON STREET —BKLYN 1, Nv. Y. 


*s Plants: Sreokiya, N.Y.Groton,Conn.Tilton,N.H.Los Angeles,Cal. 
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cities are available, and each conveyor is easily ad- 
justable from maximum capacity to zero. Operation 
is not affected by lumps or variations in the con 
sistency of the material handled. Hydro-Blast Corp, 
Chicago, Ill. 

Electric Hoist: Made in two and three-ton capa- 
cities, class BB Lo-Hed electric hoist has welded 
steel chassis. It also has heat-treated alloy steel, 
straight-line, three-reduction spur gears; automatic 
heavy-duty lowering brake; heavy-duty hoist and 
crane type motor; single-speed pushbutton control, 
110-v at the pushbutton; completely shrouded, all 
steel safety type bottom block; ball bearing sheaves; 
antifriction thrust bearing to carry hook. Drum is 
located on one side of the hook, the motor on the 
other side. American Engineering Co., Philadelphia, 
Pa. 

Roiler Conveyor: LR Live Roller conveyor is used 
for long-distance horizontal handling of materials 
that may vary widely in shape, size and weight. 
Articles can be stopped at any point for operations 
such as inspection, labeling or weighing, without in- 
terfering with the flow of goods at any other point 
along the line. Carrier rollers and pressure rollers 
are mounted in the same frame, with a motor-driven 
belt running between the two sets of rollers. Drive 
and take-up units are separate self-contained pack- 
ages which can be mounted at any point on the under 
flange of the conveyor frame. Conveyor is made up 
of 10-ft sections that can be combined to give unit 
lengths up to 150 ft. Eight frame widths range from 
15 to 39 in. Individual roller capacity is 250 lb under 
normal duty conditions with distributed load capacity 
of the unit subject to motor size, belt speed and 
roller spacings. Standard speed is 80 fpm; speeds 
from 60 to 200 fpm are available. Rapids-Standard 
Co. Inc., Grand Rapids, Mich. 


Metalworking 


Surface Grinder: Redesigned 14-in. hydraulic 
vertical surface grinder, designated Model D, is avail- 
able in either 14 x 36-in. or 14 x 60-in. size with 
solid ring wheel or 17 x 36-in. or 17 x 60-in. size 
with segmental wheel. Increased length and depth 
of heavily ribbed bed give greater support to table 
and column. Wider wheel headways, together with 
increased column bearing length, provide spindle head 
with additional support. Spindle is heavier and more 
rigid, and the wheel flange is an integral part of the 
spindle. Table speeds are infinitely variable and uni- 
form from 2 to 100 fpm. Table traverse is controlled 
by two hydraulic cylinders; speed is controlled by 
metering the oil in the return lines. Pratt & Whitney 
Div., Niles-Bement-Pond Co., West Hartford, Conn. 

Horizontal Gear Shaver: Red Ring model GCJ-36 
finishes teeth on spur and helical gears up to 36-in. 
pitch diameter having shafts up to 142 in. long, 
finishes gears up to 2 diametral pitch having face 
widths up to 36 in. and crowns tooth: surfaces on 
spur and helical gears up to 12 in. wide having shafts 
up to 62 in. long. Machine is equipped with a power- 
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The New Hermes Engraving Machine Corp. of New York, 
world’s largest manufacturer of precision engraving machines 
for the jewelry trade and also for industrial use, utilizes a pair 
of Heim Rod Ends to insure smooth and dependable functioning 
of the engraving arm. The compactly designed Engravographs 
are noted for their simplicity of operation in the quality engrav- 

ing of watches, jewelry, and 


silverware as well as of dials, 





nameplates, signs and 
instrument panels, 


In addition to their ease of 
installation, Heim Rod Ends were 
especially selected to align and 
correct unevenness in the central 
swing bracket, because of their 
smooth and positive action 
regardless of the irregularity of 
working surface. 


Send for the Heim complete catalog 
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6 Variable Speed 


PULLEYS 





Quickly, easily installed on old or new ma- 
chines allowing infinitely variable 
speed adjustments over wide range. A 
mere turn of hand instantly, accurately 
speeds up or slows down the driven unit 
for changes in production schedules .. . 
adjustment for operator ability . . . correc- 
tions for size or stock, temperature or hu- 
midity, size or density. 


Availabie in 8 sizes—frac- 
tional to 10 hp. with ratios 
to 3 to 1. 


Write today for illustrated catalog 
and complete technical data. 


LOVEJOY FLEXIBLE COUPLING CO. 


Chicago 44, Illinois 





4818 W. Lake Street e 


Also mfrs. of universal joints and flexible couplings 
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driven headstock and a center tailstock, each mounted 
on base extensions and traversed by rack and pinion 
for positioning. Gear and shaft assemblies can be 
mounted in the machine on the shaft centers, or the 
machine can be equipped with a flexible type work 
driver which permits shaving of gear and shaft ag. 
semblies while rotating on the journal on which they 
will run in the equipment drive. National Broach & 
Machine Co., Detroit, Mich. 


Profile Milling Machine: Model No. 50M Aeroframe 
machine mills and profiles irregularly shaped, com. 
plicated precision parts. Speed range of 125 to 4600 
rpm permits machining of any material. Spindle hag 
a No. £0 standard taper; machine is equipped with 
a two-speed vertical motor. Cross rail and bed have 
replaceable hardened steel ways with endless belts 
for protection from chips. Table and upper carriage 
carrying the spindle are mounted on roller bearings, 
Spindle bearings are automatically lubricated; table 
bearings have one-shot lubrication. Adjustable stops 
are provided for the table, upper carriage carrying 
the spindle and for depth control of the spindle. Dis- 
tance between the centerline of spindle and follow-up 
pin is also adjustable. Morey Machinery Co. Inc, 
New York, N. Y. 


Grinding and Polishing Machines: Four models of 
German-made contact grinding and polishing ma- 
chines are completely integrated, double-end, ped- 
estal types for abrasive belt contact grinding and 
polishing. All have approximate 18-in. belt adjust- 
ment, permitting use of one size belt with various 
diameter contact wheels. Either two belts, or a belt 
and grinding wheel or buff can be employed. Ma- 
chines are equipped with positive belt tracking de- 
vices and spring-loaded belt tensioning and also have 
special belt attachments that can be easily positioned 
vertically and swiveled to horizontal. Machines are 
powered by 1.15, 3.5 and 7-hp motors and have cor- 
responding belt speeds of 7000, 6300 and 7400 sfpm. 
Curtis Machine Corp., Jamestown, N. Y. 

Precision Metal Cutter: Cavitron machine, for ma 
chining hard and brittle materials, can accurately 
produce 0.012-in. diameter holes or slots of that 
width. It will sink blind, through, tapered or curved 
holes of various desired shapes and depths; will er- 
grave or type matrix dies and cut keyway and oil 
holes. Machine uses soft steel tool for cutting either 
ferrous or nonferrous materials, including those 
which are nonmagnetic and nonconductors of elec 
tricity. Operation is accomplished by use of an ultra- 
sonic tool head vibrating from 18,000 to 30,000 cycles 
per second while a pump provides a continuous flow 
of abrasive grit in solution over work surface. Fine 
finishes are obtained without local heating or elec 
trical burning of work or chemical or physical changt 
in the workpiece. Sheffield Corp., Dayton, O. 

Tube and Bar Straightener: Model 2MKTC guide 
less seven-roll straightening machine is designed for 
accurate, end-to-end straightening of 114 to 3%-i 
OD tubes and 11, to 3-in. diameter bars at high pro 
duction speeds. A three-roll cluster, consisting of 4 
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|v Check Your Present 


Clutches With These 
. Indexing 


| Over-Running 
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Instantaneous operation with no backlash. Backstopping 


Infinite number of gripping positions. 


Internal simplicity—easily serviced. 


a) 
5 Keg 
‘ Maximum capacity—for size and weight. 


Long life because of low unit stresses at changing contact points. 


No more Roller- or Ratchet-Type clutches! 
Only the full complement sprag-type clutch 
measures up to today’s performance standards. 
FORMSPRAG IS THE ONLY FULL COMPLEMENT 
CLUTCH ON THE MARKET! 

And only “full complement" gives you all 5 


of these five performance advantages. 


For more interest- meee, 
ros: PR, y / 
leks 


ing facts on the _— 
FORMSPRAG Scares 
ee ee #. 
write for this folder — 


today. 


FORMSPRAG COMPANY, 23603 Hoover Road, Van Dyke, Michigan DISTRIBUTORS IN PRINCIPAL CITIES 









GET THE FACTS 





(Free on request. Mail coupon.) 


Morganite Brochure Contains Many Facts 
Every Design Engineer Should Know About 


CARBON 


Many design engineers have cracked some mighty 
tough problems through the use of carbon parts in 
machine design. Years of study have revealed proper- 
ties inherent in carbon which, when applied to indus- 
trial machines, simplify design, reduce maintenance 
costs, and add life to vital equipment. 

Carbon will withstand high temperatures and ther- 
mal shock. It will not gum up or warp under most 
conditions. It resists most acids, solvents, or alkalis. 
And it “oils” itself. 











Write Today For 


Morganite Design Data 
Reference—describes 
advantages, lists chemical 
and physical properties, 
gives hints on design. 

No obligation. 


oe 
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REGISTERED 


TRADE MARK 





INCORPORATED 


3314 48th Avenue, Long Island City 1, N. Y. 


Gentlemen: 
Please send me, witheut obligation, a copy of Morgan- 


ite’s new brochure, DESIGN DATA REFERENCE. 


/ 
] 


Name 
Title 
Company 











Street 


City State 
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large driven roll with two opposed idler rolls, is 
located at both the entry and delivery ends of the 
machine. Rolls are positioned at approximately 120 
deg to each other. Between the clusters, at the 
center of the pass line, is an unopposed pressure 
roll. This arrangement provides guideless straight- 
ening of both ferrous and nonferrous materials. Ma- 
chine has automatic roll angle adjustments, with co- 
ordinated angling of all rolls, and power-operated 
adjusting screws. Adjustment for different size tubes 
or bars takes less than 2 minutes. Sutton Engineer- 
ing Co., Bellefonte, Pa. 


Processing 


Cabinet Drawer Oven: Model HBD oven, with 24 
drawers, is adapted to preheating and stress relief 
of small parts, for processing nylon powders and for 
other processing from 100 to 850 F. Special drawer 
construction, which closes opening in cabinet when 
drawer is pulled out, permits insertion or removal of 
the contents of one drawer while keeping temper- 
ature at maximum required in remainder of oven. 
Other characteristics include high-volume adjustable 
air flow, high and low heat switch for close control 
and quick recovery, Inconel-sheathed heating ele- 
ments, accurate indicating temperature control, man- 
ual interlock for purge period operation of blower 
without heat, electrical interlock for turning off heat 
in case of blower motor failure, adjustable positive 
exhaust and intake, and belt-driven fan. Drawers are 
2 in. high, 12 in. wide, 26 in. deep; cabinet is 34 in. 
wide, 28 in. deep, 54 in. high. Grieve-Hendry Co. 
Inc., Chicago, Ill. 

Vacuum Dryer: Conaform vacuum dryer provides 
fast heat transfer to entire batch of temperature- 
sensitive and easily oxidizable materials. It is a rotat- 
ing unit of double conical construction which allows 
the surface layers of materials to constantly fall 
downward toward the cone during rotation. Since 
no portion of the dryer is perpendicular to the axis, 
the cascade pattern changes constantly so no groups 
of particles take parallel paths. Particles are con- 
stantly deflected from the cone walls to the center of 
the batch. Condensers can be applied and speed varia- 
tion can also be included, allowing the unit to serve as 
a blender of a variety of materials prior to drying. 
Patterson Foundry and Machine Co., East Liver- 
pool, O. 

Resin Processor and Dispenser: Used in laminat- 
ing; mat molding; matched die molding; plastic 
tooling; adhesives and sealers; potting, casting, em- 
bedment; protective, decorative and sealant coat- 
ings; and thermosetting extrusion, equipment auto- 
matically performs the functions of de-aeration, pro- 
portioning of resin and hardener components, mixing 
and meter dispensing. It processes polyesters, 
epoxies, allyl resins, furans, modified phenolics and 
polysulfide liquid polymers. Flow of material through 
the equipment is determined by the demand for the 
completed mix. De-aeration is performed by a film 
evaporation technique. Mixing is conducted by an 
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UP TO 


O 
© OVERALL OPERATING 


EFFICIENCY = === YET LOW IN COST! 


OUR BUSINESS IS HYDRAULICS 
.f0 help power your business 


For positive, long-life, low-cost controls, you 
can’t beat Blackhawk Hydraulics whether they 
are pumps, cylinders or valves .. . a single com- 
ponent or a complete system. Get the facts now. 
Write for detailed engineering literature on 
Blackhawk hydraulic components for original 
equipment. 


A Blackhawk hydraulic control expert will be 
glad to analyze your requirements. 


See Sweet’s Product 
Designer's File 
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| NEW design flexibility 
‘ . with this Blackhawk 15 h.p. 
— HYDRAULIC PUMP 


Surprisingly low in cost, the 
P.237 Pump combines top effi- 
ciency with weight-saving com- 
pactness. This is a 6-piston, 
wobble plate pump with 15 hp 
intermittent capacity — it’s 
quiet, vibrationless and serves 
an infinite variety of loads and 
speeds. Proof of its outstanding 
performance can be found in 
many successful applications on 
machine tools, construction, 
mining, agricultural and other 
machinery. 


Se a 


he aes 


LEADING MANUFACTURERS CHOOSE BLACKHAWK 
The P-237 Pump is used in the famous “Hydro-Hoe” pictured 
here. Blackhawk design helps hundreds of manufacturers save 
materials, reduce assembly time, create new sales appeals and 
build customer satisfaction. 


PIONEER SPECIALISTS IN HYDRAULICS FOR 27 YEARS 


BLACKHAWK 


BLACKHAWK MFG. CO., HYDRAULIC CONTROL DIV. @DEPT. M-5474@MILWAUKEE, WIS. 
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JUST AMATTER 
OF CONTROL 








LORD encineerine 


CONTROLS VIBRATION / 
»«- anywhere , 


The improvement of your product in operation may be only a matter of control... 
control of destructive vibration or shock. Lord Vibration and Shock Control Mount- 
ings of Metal, Natural Rubber, Silicone, Neoprene, Buna S, Buna N and other materi- 
als are available for application in a wide diversity of industrial machines, the varied 
vehicles of transportation, home appliances, business machines and sensitive elec- 
tronic equipment. May we work with you to “design out” vibration and shock inherent 


in machines already on the market . . . and on new products being designed? 


Over 27,000 designs and their variations from 
which to choose. 


LOS ANGELES 28, GALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
7046 Hollywood Blvd. 313 Fidelity Union 72S Widener Building 410 West First Street 
Life Building 
DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS CLEVELAND 15, OHIO 
311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 811 Hanna Building 


LORD MANUFACTURING COMPANY « ERIE, PA. 












The motor of the Model T-700 Revere Recorder ‘ 
is protected by Lord Vibration Control Mountings. 4 iD) 
The Idler Wheel used in this recorder is alsoa | OR 
Lord Bonded-Rubber Part. é co 






Onnen nus® 
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agitation-homogenization method. A _ reciprocating 
pump meters the finished mix. Pressure of 5 to 150 
psi is required for conveyance of materials through 
the system, and a vacuum of 30 in. is used for de- 
aeration. Processing temperatures of 10 to 350 F 
can be employed. All models are suitable for con- 
tinuous or intermittent production. Applied Engineer- 
ing Associates, Brooklyn, N.Y. 


Air-Flow Drying Tunnel: Offered in kit form, two 
models of drying tunnels provide the component parts 
required to construct a tunnel with a 36-in. wide belt. 
One model has a hood length of 46 in., distance be- 
tween belt centers of 84 in. and contains three radiant 
heaters rated at 2.5 kw each. Second model has a 
70-in. hood, 108-in. belt length and six heaters of 
2.5-kw rating. With each model, belt speeds from 5.6 
to 23.4 fpm can be obtained, and intensity of the all- 
metal heaters can be varied from 4 to 100 per cent 
of their capacity. Edwin L. Wiegand Co., Pittsburgh, 
Pa. 


Ball Bearing Washing Machine: Consisting of a cab- 
inet, spray system, pumps, solution tank, rotating 
cones and filtering system, model RT washing ma- 
chine is of the batch type with loading and unload- 
ing at the same location. Washing and rinsing opera- 
tions are performed at the same time inside the 
cabinet using the same spray system. Cones with 
removable extension spindles hold bearings inside the 
cabinet. Inner races of the bearings rotate 360 deg 
in one direction and then 360 deg in the opposite 
direction, while the outer race is held in a fixed rosi- 
tion. Machine has capacity of 500 bearings per day. 
Equipment Div., Magnus Chemical Co. Inc., Garwood, 
N. J. 


Testing and Inspection 


Hot-Cold Testing Unit: Testing chamber automat- 
ically cycles parts through alternate hot and cold 
temperatures. Temperature as low as —120F is pro- 
duced first, then temperature is raised to as high as 
200 F. Cycle can be repeated as many as 100 times. 
Holding time at high and low levels is variable with 
a dual-set timer which determines half-cycle time 
anywhere between 0 and 120 minutes. Chamber is 
30 in. long, 11 in. wide and 16 in. deep. Cincinnati 
Sub-Zero Products Co., Cicinnati, O. 


Automatic Impact Tester: For determining the 
breaking point of gear teeth and studying the dy- 
namic properties of parts subject to shock, progres- 
sive and repeat impact testing machine automatically 
raises and drops a hammer of known weight on the 
test specimen from progressively higher points until 
specimen breaks. After each stroke, the hammer is 
picked up on the rebound by a motor driven chain 
and raised to the next dropping point. Height 6f fall 
is increased by 1-in. increments. Machine can also be 
set to deliver the impact repeatedly from any desired 
height between 6 in. and 10 ft. Specimen holder ad- 
justs to accommodate materials up to 24 in. high. 
Tinius Olsen Testing Machine Co., Willow Grove, Pa. 
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UNTTED 


CLUTCH HEAD" 
NALA 


If you are interested in reducing 
operator fatigue, screw driver costs, 
damage to assemblies by screw drivers 
skidding, and increasing your effi- 
ciency in plant and field applications, 
it will be to your advantage to study 
the usage of Clutch Head® screws in 
your production problems. 


Write for engineering booklet. 


® Reg. U. S. Pat. Off. 
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Here’s a 
Fast, Smooth 


Operator 


on many 
different jobs 


idence 
Added Evi® Everyone Can Count on 


that.-- 


VEEDER-ROOT 


This new, high-speed direct-drive counter . . . with its one-piece ‘“‘show 
window” case . . . was first developed for use in navigational and directional 
instruments. Then, because of its many adaptable features, it is eligible for 
employment in many other jobs. It’s good for speeds up to 1800 rpm . 
temperatures from 67° to 185° F . . . and it’s corrosion resistant. Drive 
shafts can be longer on either side ¢ or both. And base may be lengthened 
to take more figure-wheels if you want. All in all, a remarkably versatile 
performer . . . one of scores of standard and special Veeder-Root Counters 
for every mechanical and electrical application from Electronics to Auto- 
mation. Write: 

VEEDER-ROOT INCORPORATED « HARTFORD 2, CONNECTICUT 

New Vary-Tally Multiple-Unit Reset 


Counter comes in any combination up 
\, Chicago 6, Ill. « New York 19, N. Y. + Greenville, S. C. » Montreal 2, Canada w, 4 _, me oe — wide. 
Dundee, Scotland + Offices and Agents in Principal Cities CS oes Swe Se P . 


® “The Name that Counts™ 
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